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AD7714* 



FEATURES 

Charge Balancing ADC 
24 Bits No Missing Codes 

0.0015% Nonlinearity 

Five-Channel Programmable Gain Front End 
Gains from 1 to 128 

Can Be Configured as Three Fuiiy Differentiai 
Inputs or Five Pseudo-Differentiai Inputs 
Three-Wire Seriai Interface 
3 V (AD7714-3) or 5 V (AD7714-5) Operation 
Low Noise (^50 nV rms) 

Low Current (350 ^A typ) with Power-Down 
(5 nA typ) 

Low-Pass Fiiter with Programmabie Fiiter Cutoffs 
Abiiity to Read/ Write Caiibration Coefficients 

APPLICATIONS 

Portable Industrial Instruments 
Portable Weigh Scaies 
Loop-Powered Systems 
Pressure Transducers 
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GENERAL DESCRIPTIONf 

The AD 7714 is a complete analog front end for low-frequency 
measurement applications. The device accepts low level signals 
directly from a transducer and outputs a serial digital word. It 
employs a sigma-delta conversion technique to realize up to 
24 bits of no missing codes performance. T he input signal is 
applied to a proprietary programmable gain front end based 
around an analog modulator. T he modulator output is pro- 
cessed by an on-chip digital filter. T he first notch of this digital 
filter can be programmed via the on-chip control register allow- 
ing adjustment of the filter cutoff and settling time. 

T he part features three differential analog inputs (which can 
also be configured as five pseudo-differential analog inputs) as 
well as a differential reference input. It operates from a single 
supply (-1-3 V or -1-5 V). The AD 7714 thus performs all signal 
conditioning and conversion for a system consisting of up to 
five channels. 

The AD 7714 is ideal for use in smart, microcontroller- or DSP- 
based systems. It features a serial interface that can be config- 
ured for three-wire operation. Gain settings, signal polarity and 
channel selection can be configured in software using the serial 
port. The AD 7714 provides self-calibration, system calibration 
and background calibration options and also allows the user to 
read and write the on-chip calibration registers. 

^Protected by U.S. Patent No. 5,134,401 
tSee page 35 for data sheet index. 



CMOS construction ensures very low power dissipation, and the 
power-down mode reduces the standby power consumption to 
15 pW typ. T he part is available in a 24-pin, 0.3 inch-wide, 
plastic and hermetic dual-in-line package (DIP); a 24 lead small 
outline (SOIC) package and a 28-lead shrink small outline 
package (SSOP). 

PRODUCT HIGHLIGHTS 

1. The AD 7714 consumes less than 500 pA (fcL< m = 1 M Hz) 
or 1 mA (fcLK in = 2.5 M H z) in total supply current, making 
it ideal for use in loop-powered systems. 

2. T he programmable gain channels allow the AD 7714 to 
accept input signals directly from a strain gage or transducer 
removing a considerable amount of signal conditioning. 

3. The AD 7714 is ideal for microcontroller or DSP processor 
applications with a three-wire serial interface reducing the 
number of interconnect lines and reducing the number of 
opto-couplers required in isolated systems. T he part con- 
tains on-chip registers that allow control over filter cutoff, 
input gain, channel selection, signal polarity and calibration 
modes. 

4. T he part features excellent static performance specifications 
with 24-bit no missing codes, ±0.0015% accuracy and low 
rms noise (140 nV). End-point errors and the effects of tem- 
perature drift are eliminated by on-chip self-calibration, 
which removes zero-scale and full-scale errors. 
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AD7714-5- SPECIFICATIONS (AVdd = +5 V, DVdd = +3.3 V or +5 V, REF IN(+) = +2.5 V; REF IN(- ) = AGND; 



^cLKiN = 2.4576 MHz unless otherwise stated. All specifications Tmin to Tmax unless otherwise noted.) 



Parameter 


A, S Versions® 


Units 


C onditi on^C om merits 


STATIC PERFORMANCE 








N 0 M issing Codes 


24 


Bits min 


Guaranteed by Design. Bipolar M ode. For F liter Notches < 60 FIz 




22 


Bits min 


For Filter Notch = 100 FIz 




18 


Bits min 


For Filter Notch = 250 FIz 




15 


Bits min 


For Filter Notch = 500 FIz 




12 


Bits min 


For Filter Notch = 1 kFIz 


Output N oise 


SeeT ables 1 to IV 




Depends on Filter Cutoffs and Selected Gain 


Integral Nonlinearity 


±0.0015 


% of FSR max 


Filter Notches < 60 FIz 


U nipolar Offset Error 


See N ote 2 






Unipolar Offset Drift^ 


0.5 


pV/X typ 


For Gains of 1, 2, 4 




0.3 


pV/°C typ 


For Gains of 8, 16, 32, 64, 128 


Bipolar Zero Error 


See N ote 2 






Bipolar Zero Drift^ 


0.5 


pV/X typ 


For Gains of 1, 2, 4 




0.3 


pV/°C typ 


For Gains of 8, 16, 32, 64, 128 


Positive F ull-Scale E rror“ 


See N ote 2 






Full-ScaleDrift^'5 


0.5 


pV/“C typ 


For Gains of 1, 2, 4 




0.3 


pV/°C typ 


For Gains of 8, 16, 32, 64, 128 


Gain Error® 


See N ote 2 






Gain Drift®'^ 


0.5 


ppm of FSR/°C typ 




Bipolar Negative Full-Scale Error 


±0.0015 


% of FSR max 


T ypically ±0.0004% 


B ipolar N egative F ull-Scale D rift® 


1 


pV/“C typ 


For Gains of 1, 2, 4 




0.6 


pV/°C typ 


For Gains of 8, 16, 32, 64, 128 


ANALOG INPUTS/REFERENCE INPUTS 






Specifications for Al N and REF IN Unless Noted 


Common-M ode Rejection (CM R) 


100 


dB min 


AtDC. SeeTableVI 


N ormal-M ode 50 FI z Rejection® 


100 


dB min 


F or F liter N otches of 10, 25, 50 FI z, ±0.02 x (notch 


N ormal-M ode 60 FI z Rejection® 


100 


dB min 


F or F liter N otches of 10, 30, 60 FI z, ±0.02 x (notch 


Common-M ode 50 FI z Rejection® 


150 


dB min 


F or F liter N otches of 10, 25, 50 FI z, ±0.02 x (notch 


Common-M ode 60 FI z Rejection® 


150 


dB min 


F or F liter N otches of 10, 30, 60 FI z, ±0.02 x (notch 


Common-M ode Voltage Range® 


AGND to AVdd 


V min to V max 


AIN for BUFFER = 0 and REF IN 


Absolute AIN /REF IN Voltage® 


AGND - 30 mV 


V min 


AIN forBUFFER = 0 and REF IN 




AVdd +30 mV 


V max 




Absolute/Common-M ode Al N Voltage® 


AGND ±50 mV 


V min 


BUFFER =1. A Version 




AGND ±100 mV 


V min 


BUFFER =1.S Version 




AVdd - 1.5 V 


V max 




AIN Input Current® 


1 


nA max 


A Version 




10 


nA max 


S Version 


AIN Sampling Capacitance® 


7 


pF max 




Al N D ifferential Voltage Range®® 


Oto ±Vref/GAIN®® 


nom 


U nipolar Input Range (B/U Bit of Filter FI igh Register = 1) 




±Vref/GAIN 


nom 


Bipolar Input Range (B/U Bit of Filter FI igh Register = 0) 


AIN Input Sampling Rate, fs 


gain xfcLK in/64 




For Gains of 1, 2, 4 




fcLK In/8 




For Gains of 8, 16, 32, 64, 128 


REF IN(-F) - REF IN(-) Voltage 


±2.5 


V nom 


±1% for Specified Performance. Functional with Lower Vref 


REF IN Input Sampling Rate, fs 


fcLK in/64 






LOGIC INPUTS 








Input Current 


±10 


pA max 




All Inputs Except MCLK IN 








V|NL. Input Low Voltage 


0.8 


V max 


DVdd = +5V 


V|NL, Input Low Voltage 


0.4 


V max 


DVdd = +3.3 V 


V|NH, Input FI igh Voltage 


2.0 


V min 




MCLK IN Only 








V|NL. Input Low Voltage 


0.8 


V max 


DVdd =+5V 


V|NL, Input Low Voltage 


0.4 


V max 


DVdd = +3.3 V 


V|NH, Input FI igh Voltage 


3.5 


V min 


DVdd =+5V 


V|NH, Input FI igh Voltage 


2.5 


V min 


DVdd = +3.3 V 


LOGIC OUTPUTS (1 ncluding M C L K OUT) 








VoL. Output Low Voltage 


0.4 


V max 


IsiNK = 800 pA Except for MCLK OUT.®®DVdd = +5 V 


VoL, Output Low Voltage 


0.4 


V max 


IsiNK =100 pA Except for MCLK OUT.®® DVdd =+3.3V 


VoH. Output FI igh Voltage 


4.0 


V min 


IsouRCE =200 pA Except for MCLK OUT.®®DVdd = +5 V 


VoH. Output FI igh Voltage 


DVdd- 0.6V 


V min 


'source =100pA Except for MCLK OUT.®® DVdd =+3.3 V 


Floating State Leakage Current 


±10 


pA max 




Floating State Output Capacitance®® 


9 


pF typ 





NOTES 

'T emperature ranges are as follows: A Version: -40°C to +85°C; S Version: -55°C to +125°C. 

calibration is effectively a conversion so these errors will be of the order of the conversion noise shown in T ables I to IV. This applies after calibration at the temperature of interest. 
^Recalibration at any temperature will remove these drift errors. 

“Positive Full-Scale Error includes Zero-Scale Errors (U nipolar Offset Error or Bipolar Zero Error) and applies to both unipolar and bipolar input ranges. 

^Full-Scale Drift includes Zero-Scale Drift (U nipolar Offset Drift or Bipolar Zero Drift) and applies to both unipolar and bipolar input ranges. 

®Gain Error does not include Zero-Scale Errors. It is calculated as Full-Scale Error— U nipolar Offset Error for unipolar ranges and Eull-Scale Error— Bipolar Zero Error for 
bipolar ranges. 
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AD7714 



AD7714- 3- SPECIFICATIONS (AVdd = +3.3 V, DVdd = +3.3 V, REF IN(+) = +1.25 V; REF IN(- ) =AGND; 

fcLKiN = 2.4576 MHz unless otherwise stated. All specifications Tmin to Tmax unless otherwise noted.) 



Parameter 


A Versions 


Units 


C ondi ti on^C om ments 


STATIC PERFORMANCE 








N 0 M issing Codes 


24 


Bits min 


Guaranteed by Design. Bipolar M ode. For Filter N otches< 60 FIz 




22 


Bits min 


For F liter N otch = 100 FI z 




18 


Bits min 


For Filter Notch = 250 FIz 




15 


Bits min 


For Filter Notch = 500 FIz 




12 


Bits min 


For Filter Notch = 1 kFIz 


Output N Oise 


SeeT ables 1 to IV 




Depends on F liter Cutoffs and Selected Gain 


Integral N onlinearity 


±0.0015 


% of FSR max 


Filter Notches < 60 FIz 


U nipoiar Offset Error 


See N ote 2 






Unipolar Offset Drift^ 


0.4 


pV/°C typ 


F or Gains of 1, 2, 4 




0.1 


pV/°C typ 


For Gains of 8, 16, 32, 64, 128 


Bipolar Zero Error 


See N ote 2 






Bipolar Zero Drlft^ 


0.4 


pV/°C typ 


F or Gains of 1, 2, 4 




0.1 


pV/°C typ 


For Gains of 8, 16, 32, 64, 128 


Positive Full-Scale Error'* 


See N ote 2 






Full-Scale Drlft^'5 


0.4 


pV/°C typ 


F or Gains of 1, 2, 4 




0.1 


pV/°C typ 


For Gains of 8, 16, 32, 64, 128 


Gain Error® 


See N ote 2 






Gain Drift®'' 


0.2 


ppm of FSR/°C typ 




Bipolar N egative F ull-Scale Error 


±0.003 


% of FSR max 


T ypically ±0.0004% 


Bipolar Negative Full-Scale Drift® 


1 


pV/°C typ 


For Gains of 1, 2, 4 




0.6 


pV/°C typ 


For Gains of 8, 16, 32, 64, 128 


ANALOG INPUTS/REFERENCE INPUTS 






Specifications for AIN and REF IN Unless Noted 


Common-M ode Rejection (CM R) 


100 


dB min 


At DC. SeeTableVII 


N ormal-M ode 50 H z Rejection® 


100 


dB min 


F or F liter N otches of 10, 25, 50 FI z, ±0.02 x Inotch 


N ormal-M ode 60 FI z Rejection® 


100 


dB min 


F or F liter N otches of 10, 30, 60 FI z, ±0.02 x Inotch 


C ommon-M ode 50 FI z Rejection® 


150 


dB min 


F or F liter N otches of 10, 25, 50 FI z, ±0.02 x Inotch 


Common-M ode 60 FIz Rejection® 


150 


dB min 


F or F liter N otches of 10, 30, 60 FI z, ±0.02 x Inotch 


Common-M ode Voltage Range® 


AGND to AVdd 


V min to V max 


AIN for BUFFER =0andREF IN 


AbsoluteAlN/REF IN Voltage® 


AGND -30mV 


V min 


AIN for BUFFER = 0 and REF IN 




AVdd + 30 mV 


V max 




Absolute/C ommon-M ode AIN Voltage® 


AGND +50 mV 


V min 


BUFFER = 1 




AVdd -1.5 V 


V max 




AIN Input Current® 


1 


nA max 




AIN Sampling Capacitance® 


7 


pF max 




AIN Differential Voltage Range®® 


Oto +Vref/GAIN®® 


nom 


U nipoiar Input Range (B/U Bit of Filter FI igh Register = 1) 




< 

> 

+1 


nom 


Bipolar Input Range (B/U Bit of Filter FI igh Register = 0) 


AIN Input Sampling Rate, fs 


GAIN X fcLK in/04 




For Gains of 1, 2, 4 




fcLK in/8 




For Gains of 8, 16, 32, 64, 128 


REF IN(-F) - REF IN(-) Voltage 


+1.25 


V nom 


±1% for Specified Performance. Part Functions with 
L ower Vref 


REF IN Input Sampling Rate, fs 


fcLK in/64 






LOGIC INPUTS 








Input Current 

All Inputs Except M CLK IN 


±10 


pA max 




Vine, Input Low Voltage 


0.4 


V max 




V|NH, Input FI igh Voltage 
MCLK IN Only 


2.0 


V min 




Vine, Input Low Voltage 


0.4 


V max 




V|NH, Input FI igh Voltage 


2.5 


V min 




LOGIC OUTPUTS (Including M C L K OUT) 








VoE, Output Low Voltage 


0.4 


V max 


IsiNK =100pA Except for MCLK OUT®® 


VoH, Output FI igh Voltage 


DVdd -0.6 


V min 


IsouRCE =100 pA Except for M CLK OUT®® 


Floating State Leakage Current 


±10 


pA max 




F loating State Output Capacitance®® 


9 


pF typ 





NOTES 

'Gain Error Drift does not include U nipoiar Offset Drift/Bipoiar Zero D rift. It is effectively the drift of the part if zero-scale calibrations only were performed as is the case with 
background calibration. 

®T hese numbers are guaranteed by design and/or characterization. 

he common-mode voltage range on the input pairs applies provided the absolute input voltage specification is obeyed. 

“The input voltage range on the analog inputs is given herewith respect to the voltage on the respective negative input of its differential or pseudo-differential pair. SeeT able VII 
for which inputs form differential pairs. 

“Vref =REF IN(-F) - REF IN(-). 

“These logic output levels apply to the M CLK OUT output only when it is loaded with a single CM OS load. 

“Sample tested at -f 25°C to ensure compliance. 

“See Burn-Out Current section. 
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AD7714- SPECIFICATIONS 



(AVdd = + 3.3 Vto +5 V, DVdd = +3.3 Vto +5 V, REF IN(+) = +1.25 V(AD7714-3) or +2.5 V 
(AD7714-5); REF IN(- ) = AGND; MCLKIN = 1 MHz to 2.4576 MHz unless otherwise stated. All specifications Tmin to Tmax unless otherwise noted.) 



Parameter 


A, S Versions 


Units 


C onditions/C omments 


TRANSDUCER BURNOUT^'* 








Current 


1 


pA nom 




Initial T olerance 


±10 


% typ 




Drift 


0.1 


%/°C typ 




SYSTEM CALIBRATION 








Positive Full-Scale Calibration Limit^^ 


(1.05 xVref)/GAIN 


V max 


GAIN Is the Selected PGA Gain (Between 1 and 128) 


N egative Full-ScaleCalibration Limit^® 


-(1.05xVref)/GAIN 


V max 


GAIN Is the Selected PGA Gain (Between 1 and 128) 


Offset Calibration Limit^® 


-(1.05xVref)/GAIN 


V max 


GAIN Is the Selected PGA Gain (Between 1 and 128) 


Input Span^® 


0.8xVref/GAIN 


V min 


GAIN Is the Selected PGA Gain (Between 1 and 128) 




(2.1xVref)/GAIN 


V max 


GAIN Is the Selected PGA Gain (Between 1 and 128) 


POWER REOUIREM ENTS 
Power Supply Voltages 
AVdd Voltage (AD7714-3) 


+3 to +3.6 


V 


For Specified Performance 


AVdd Voltage (AD 7714-5) 


+4.75 to +5.25 


V 


For Specified Performance 


DVdd Voltage 


+3 to +5.25 


V 


For Specified Performance 


Power Supply Currents 
AVdd Current 


0.27 


mA max 


AVdd = 3.3 V or 5 V. BST Bit of F liter H Igh Register = 0” 
Typically 0.2 mA. BUFFER =0V.fciKiN = 1 M Hz or 2.4576 M Hz 




0.6 


mA max 


Typically 0.4 mA. BUFFER = DVdd. fciK in = 1 M Hzor 2.4576 MHz 




0.5 


mA max 


AVdd = 3.3 V or 5 V. BST Bit of F liter H Igh Register = l” 
Typically 0.3 mA. BUFFER =0V.fcLKiN = 2. 4576 MHz 




1.1 


mA max 


Typically 0.8 mA. BUFFER =DVDD.fcLKiN = 2.4576 MHz 


DVdd Current^ 


0.23 


mA max 


Digital i/Ps = 0 V or DVdd. External MCLK IN 
Typically 0.15 mA. DVdd =3.3V.fcLKiN = lMHz 




0.4 


mA max 


T ypically 0.3 mA. DVdd = 5V.fcLKiN = lMHz 




0.5 


mA max 


Typically 0.4 mA. DVdd =3.3V.fcLKiN = 2.4576 MHz 




0.8 


mA max 


Typically 0.6 mA. DVdd =5V.fcLKiN = 2.4576 MHz 


Power Supply Rejection^® 


See N ote 20 


dB typ 




N ormal-M ode Power D Isslpatlon^® 


1.65 


mW max 


AVdd = DVdd = +3.3 V. Digital l/Ps = 0 V or DVdd. External MCLK IN 
Typically 1.25 mW. BUFFER =0V.fcLKiN =lMHz. BST Blt = 0 




2.75 


mW max 


Typically 1.8 mW. BUFFER = +3.3 V. fcLx in =1MHz.BST Blt = 0 




2.55 


mW max 


Typically 2 mW. BUFFER =0V. Fclkin = 2.4576 M Hz. BST Bit = 0 




3.65 


mW max 


Typically 2.6mW. BUFFER = +3.3 V. fcLK in = 2.4576 M Hz. BST Blt = 0 


N ormal-M ode Power D Issipatlon 


3.35 


mW max 


AVdd = DVdd = +5 V. Digital i/Ps = 0 V or DVdd. External MCLK IN 
Typically 2.5 mW. BUFFER =0V.fcLKiN =lMHz.BST Bit = 0 




5 


mW max 


Typically 3. 5 mW. BUFFER =+5V.fcLKiN =lMHz.BST Bit = 0 




5.35 


mW max 


Typically 4 mW. BUFFER =0V. Fclkin = 2.4576 MHz. BST Bit = 0 




7 


mW max 


Typically 5 mW. BUFFER = +5 V. Fclkin = 2.4576 MHz. BST Bit = 0 


Standby (Power-Down) Current^^ 


40 


pA max 


External MCLK IN = 0Vor DVdd. Typically 20 pA. Vdd = +5 V 


Standby (Power-Down) Current^^ 


10 


pA max 


External MCLK IN = 0Vor DVdd. Typically 5 pA. Vdd = +3.3 V 



NOTES 

^^After calibration, if the input voltage exceeds positive full scale, the converter will output all Is. If the input is less than negative full scale, then the device outputs all Os. 

^‘These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed AVdd + 30 mV or go more negative than AG N D - 30 mV. The off- 
set calibration limit applies to both the unipolar zero point and the bipolar zero point. 

^'For higher gains (>8) at fcLK in = 2.4576 MHz, the B ST bit of the Filter H igh Register must beset to 1. For other conditions, it can be set to 0. 

“when using a crystal or ceramic resonator across the M CLK pins as the clock source for the device, the DVdd current and power dissipation will vary depending on the crystal 
or resonator type (see Clocking and Oscillator Circuit section). 

“M easured at dc and applies in the selected passband. PSRR at 50 H z will exceed 120 dB with filter notches of 5, 10, 25 or 50 Hz. PSRR at 60 Hz will exceed 120 dB with filter 
notches of 6, 10, 30 or 60 H z. 

“PSRR depends on gain. For Gain of 1 : 70 dB typ: For Gain of 2 : 75 dB typ; For Gain of 4 : 80 dB typ; For Gains of 8 to 128 : 85 dB typ. 

^^If the external master clock continues to run in standby mode, the standby current increases to 150 pA typical with 5 V supplies and 75 pA typical with 3.3 V supplies. When us- 
ing a crystal or ceramic resonator across the M CLK pins as the clock source for the device, the internal oscillator continues to run in standby mode and the power dissipation 
depends on the crystal or resonator type (see Standby M ode section). 

Specifications subject to change without notice. 
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AD7714 



TIMING CHARACTERISTICS^' 2 



(AVdd = DVdd = +3 Vto +5.25 V; AGND = DGND = 0 V; faKiN 
Logic 0 = 0 V, Logic 1 = DVdd uniess otherwise noted.) 



2.5 MHz; Input 



Parameter 


Limit at Tmini Tmax 
(A, S Versions) 


Units 


C onditionsVC omments 


f 3,4 

•CLKIN 


400 


kH z min 


M aster C iock F requency: C rystai/Resonator or Externaiiy 
Suppiied 




2.5 


MHz max 


For Specified Performance 


tcLK IN LO 


0-4 X tcLK IN 


ns min 


M aster C iock Input Low Time. tcL< in = 1/fciK in 


tcLK IN HI 


0-4 X tcLK IN 


ns min 


M aster C iock 1 nput H igh T ime 


toRDY 


500 X tcLK IN 


ns nom 


DRDY High Time 


tl 


100 


ns min 


SYNC Puise Width 


^2 

Read Operation 


100 


ns min 


RESET Puise Width 


t3 


0 


ns min 


DRDY to CS Setup Time 


t4 


0 


ns min 


CS Faiiing Edge to SCLK Active Edge Setup T ime^ 


ts' 


0 


ns min 


SCLK Active Edge to Data Vaiid Deiay^ 




80 


ns max 


DVdd =+5V 




100 


ns max 


DVdd =+3V 


te 


100 


ns min 


SCLK High PuiseWidth 


ty 


100 


ns min 


SCLK Low PuiseWidth 


ts 


0 


ns min 


CS Rising Edge to SCLK Active Edge H oid Time^ 


tg' 


10 


ns min 


Bus Reiinquish Time after SCLK Active Edge^ 




60 


ns max 


DVdd = +5V 




100 


ns max 


DVdd = +3V 


tio 

Write Operation 


100 


ns max 


SCLK Active Edge to DRDY H igh^' ® 


til 


0 


ns min 


CS Faiiing Edge to SCLK Active Edge Setup T ime^ 


tl2 


30 


ns min 


Data Vaiid to SCLK Edge Setup T ime 


tl3 


20 


ns min 


Data Vaiid to SCLK EdgeHoidTime 


tl4 


100 


ns min 


SCLK High PuiseWidth 


tl5 


100 


ns min 


SCLK Low PuiseWidth 


tl6 


0 


ns min 


CS Rising Edge to SCLK EdgeHoidTime 



NOTES 

'Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of DV dd) and timed from a voltage level of 1.6 V. 

^See Figures 6 and 7. 

'CLKIN Duty Cycle range is 45% to 55%. CLKIN must be supplied whenever the AD 7714 is not in standby mode. If no clock is present in this case, the device can 
draw higher current than specified and possibly become uncalibrated. 

‘'The AD 7714 is production tested with Iclkin at 2.4576 M Hz (1 M Hzfor some I dd tests). It is guaranteed by characterization to operate at 400 kHz. 

^SCLK active edge is falling edge of SC LK with POL = 1; SCLK active edge is rising edge of SC LK with POL =0. 

^These numbers are measured with the load circuit of Figure 1 and defined as the time required for the output to cross the V ol or Voh limits. 

'T hese numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of F igure 1. T he measured number is then 
extrapolated back to remove effects of charging or discharging the 100 pF capacitor. T his means that the times quoted in the timing characteristics are the true bus 
relinquish times of the part and as such are independent of external bus loading capacitances. 

®DRDY returns high after the first read from the device after an output update. T he same data can be read again, if required, while DRDY is high although care 
should be taken that subsequent reads do not occur close to the next output update. 

ORDERING GUIDE 




Figure 1. Load Circuit for Access Time and Bus 
Reiinquish Time 



Model 


AVdo 

Supply 


T emperature 
Range 


Package 

Option’'’ 


AD7714AN-5 


5V 


-40°C 


to 


+85°C 


N-24 


AD7714AR-5 


5V 


-40°C 


to 


+85°C 


R-24 


AD7714ARS-5 


5V 


-40°C 


to 


+85°C 


RS-28 


AD7714AN-3 


3 V 


-40°C 


to 


+85°C 


N-24 


AD7714AR-3 


3 V 


-40°C 


to 


+85°C 


R-24 


AD7714ARS-3 


3 V 


-40°C 


to 


+85°C 


RS-28 


AD7714SQ-5 


5 V 


-55°C 


to 


+125°C 


Q-24 


AD7714AChips-5 


5 V 


-40°C 


to 


+85°C 


Die 


AD7714AChips-3 


3 V 


-40°C 


to 


+85°C 


Die 


EVAL-AD7714-5EB 


5V 


Evaiuation Board 




EVAL-AD7714-3EB 


3V 


Evaiuation Board 
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N = Plastic DIP; R = SOIC: RS = SSOP; Q =Cerdip. 



AD7714 



ABSOLUTE MAXIMUM RATINGS* 

(T A = +25°C unless otherwise noted) 

AVdd toAGND -0.3 V to +7 V 

AVootoDGNO -0.3 V to +7 V 

DVootoAGNO -0.3 V to +7 V 

DVdd to DGND -0.3 V to +7 V 

Analog I nput Voltage to AG N D -0.3 V to AVqd + 0.3 V 

Reference I nput Voltage to AG N D ... -0.3 V to AVqd + 0.3 V 

Digital Input Voltage to DGND -0.3 V to DVqd + 0.3 V 

D Igital Output Voltage to DGN D .... -0.3 V to DV^d + 0.3 V 
0 perating T emperature Range 

Commercial (A Version) -40°C to +85°C 

Extended (S Version) -55°C to +125°C 

Storage! emperature Range -65°C to +150°C 

Junction Temperature +150°C 

Plastic DIP Package, Power Dissipation 450 mW 

0JA Thermal Impedance 105°C/W 



Lead Temperature (Soldering, 10 sec) +260°C 

Cerdip Package, Power Dissipation 450 mW 

0JA Thermal Impedance 70°C/W 

Lead Temperature (Soldering, 10 sec) +300°C 

SOIC Package, Power D Issipatlon 450 mW 

0JA Thermal Impedance 75°C/W 

Lead T emperature. Soldering 

Vapor Phase (60 sec) +215°C 

Infrared (15 sec) +220°C 

Power Dissipation (Any Package) to +75°C 450 mW 



*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devicesfeature proprietary ESD protection circuitry, permanent damage may still 
occur on these devices If they are subjected to high energy electrostatic discharges. T herefore, 
proper ESD precautions are recommended to avoid performance degradation or loss of functionality. 



WARNING! 



PIN CONFIGURATIONS 



DIP and SOIC 




STANDBY 
AVdd [12 






AD7714 

TOP VIEW 
(Not to Scale) 



24 ] DGND 
^ DVdd 
22 ^ DIN 
^ DOUT 
^ DRDY 
19 ] CS 
li] AGND 
Tt] AIN6 
1?] AIN5 
15 ] REF IN(+) 
TTj REF IN(-) 
lF| BUFFER 



SSOP 



SCLK [T 
MCLK IN [T 
MCLK OUT [T 




STANDBY [^ 
AVdd [^ 



AD7714 

TOP VIEW 
(Not to Scale) 



28 I DGND 
[^DVdd 
26] DIN 
^ DOUT 
^ DRDY 
CS 
22 ] NO 
[^ NO 
I AGND 
li] AIN6 
T5] AIN5 
Tt] ref in(+) 

i¥] REF IN(-) 
Ts] BUFFER 



NC = NO CONNECT 
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PIN FUNCTION DESCRIPTION 



AD7714 



DIP/SOIC PIN NUMBERS 



Pin 

No. 


Mnemonic 


1 


SCLK 


2 


M CLK IN 


3 


M CLK OUT 


4 


POL 


5 


SYNC 


6 


RESET 


7 


AIN 1 


8 


AIN2 


9 


AIN3 


10 


AIN4 


11 


STANDBY 


12 


AVdd 


13 


BUFFER 


14 


REF IN(-) 


15 


REF IN(-F) 


16 


AIN5 


17 


AIN6 


18 


AGND 



Function 

Serial Clock. Logic Input. An external serial clock is applied to this input to access serial data from the 
AD 7714. T his serial clock can be a continuous clock with all data transmitted in a continuous train of pulses. 
Alternatively, it can be a noncontinuous clock with the information being transmitted to the AD 7714 in smaller 
batches of data. 

M aster C lock signal for the device. T his can be provided in the form of a crystal/resonator or external clock. A 
crystal/resonator can be tied across the M CLK IN andMCLK OUT pins. Alternatively, the M CLK IN pin can 
be driven with a CM OS-compatible clock and M CLK OUT left unconnected. The part is specified with clock 
input frequencies of both 1 M H z and 2.4576 MHz. 

W hen the master clock for the device is a crystal/resonator, the crystal/resonator is connected between M C L K 
IN and M CLK OUT. If an external clock is applied totheMCLK IN,MCLK OUT provides an inverted clock 
signal. T his clock can be used to provide a clock source for external circuits. 

Clock Polarity. Logic I nput. With this input low, the first transition of the serial clock in a data transfer 
operation is from a low to a high. In microcontroller applications, this means that the serial clock should idle 
low between data transfers. With this input high, the first transition of the serial clock in a data transfer 
operation is from a high to a low. I n microcontroller applications, this means that the serial clock should idle 
high between data transfers. 

Logic Input which allows for synchronization of the digital filters and analog modulators when using a number 
of AD 7714s. While SYNC is low, the nodes of the digital filter, the filter con trol log ic and the calibration 
control logic are reset and t he analo g modulator is also held in its reset state. SYNC does not affect the digital 
interface and does not reset DRDY if it is low. 

Logic Input. Active low input which resets the control logic, interface logic, digital filter and analog modulator 
of the part to power-on status. 

Analog I nput C hannel 1. Programmable-gain analog input which can be used as a pseudo-differential input 
when used with AIN 6 or as the positive input of a differential analog input pair when used with AIN 2 (see 
Communications Register section). 

Analog I nput C hannel 2. Programmable-gain analog input which can be used as a pseudo-differential input 
when used with Al N 6 or as the negative input of a differential analog input pair when used with Al N 1 (see 
Communications Register section). 

Analog I nput C hannel 3. Programmable-gain analog input which can be used as a pseudo-differential input 
when used with AIN 6 or as the positive input of a differential analog input pair when used with AIN 4 (see 
Communications Register section). 

Analog I nput C hannel 4. Programmable-gain analog input which can be used as a pseudo-differential input 
when used with Al N 6 or as the negative input of a differential analog input pair when used with Al N 3 (see 
Communications Register section). 

Logic Input. T aking this pin low shuts down the analog and digital circuitry, reducing current consumption to 
typically 5 pA. 

Analog Positive Supply Voltage, -1-3.3 V nominal (AD 7714-3) or -1-5 V nominal (AD 7714-5). 

Buffer Option Select. Logic Input. With this input low, the on-chip buffer on the analog input (after the 
multiplexer and before the analog modulator) is shorted out. With the buffer shorted out the current flowing in 
the AVdd line is reduced to 270 pA. With this input high, the on-chip buffer is in series with the analog input 
allowing the inputs to handle higher source impedances. 

Reference Input. N egative input of the differential reference input to the AD 7714. The REF IN (-) can lie 
anywhere between AVdd and AG N D provided REF IN(-F) is greater than REF IN(-). 

Reference I nput. Positive input of the differential reference input to the AD 7714. T he reference input is 
differential with the provision that REF IN(-F) must be greater than REF IN(-). REF I N(-F) can lie anywhere 
between AVdd and AG N D . 

Analog I nput C hannel 5. Programmable-gain analog input which is the positive input of a differential analog 
input pair when used with AIN 6 (see Communications Register section). 

Analog Input Channel 6. Reference point for AIN 1 through Al N 4 in pseudo-differential mode or as the 
negative input of a differential input pair when used with AIN 5 (see Communications Register section). 

G round reference point for analog circuitry. 
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PIN FUNCTION DESCRIPTION (Continued) 



Pin 



No. 



Mnemonic 



Function 



19 CS 



20 DRDY 



21 DOUT 

22 DIN 



23 DVdd 

24 DGND 



Chip Select. Active low Logic Input used to select the AD 7714. With this input hard- wired low, the AD 7714 
can operate in its three- wire interface mode with SCLK, D IN and DOUT used to interface to the device. CS 
can be used to select the device in systems with more than one device on the serial bus or as a frame 
synchronization signal in communicating with the AD 7714. 

Logic output. A logic low on this output indicates that a new output word is available from the AD 7714 data 
register. T he DRDY pin will return high upon c ompletio n of a read operation of a full output word. If no data 
read has taken place, after an output update, the DRDY line will return high for 500 x tciK in cycles prior to 
the next output update. T his gives an indication of when a r ead operation should not be attempted to avoid 
reading from the data register as it is being updated. DRDY is also used to indicate when the AD 7714 has 
completed its on-chip calibration sequence. 

Serial Data Output with serial data being read from the output shift register on the part. This output shift 
register can contain information from the calibration registers, mode register, communications register, filter 
selection registers or data register depending on the register selection bits of the C ommunications Register. 
Serial D ata I nput with serial data being written to the input shift register on the part. D ata from this input shift 
register is transferred to the calibration registers, mode register, communications register or filter selection 
registers depending on the register selection bits of the C ommunications Register. 

D igital Supply Voltage, -1-3.3 V or -1-5 V nominal. 

G round reference point for digital circuitry. 



TERMINOLOGY* 

INTEGRAL NONLINEARITY 

T his is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end- 
points of the transfer function are zero scale (not to be confused 
with bipolar zero), apointO.5 LSB below the first code transi- 
tion (000 . . . 000 to 000 . . . 001) and full scale, a point 
0.5 LSB above the last code transition (111 . . . 110 to 
111 . . . 111). T he error is expressed as a percentage of full 
scale. 

POSITIVE FULL-SCALE ERROR 

Positive Full-Scale Error is the deviation of the last code transi- 
tion (111 . . . 110 to 111 . . . Ill) from the ideal Al N (-F) voltage 
(AIN (-) -F Vref/GAIN - 3/2 LSBs). It applies to both unipolar 
and bipolar analog input ranges. 

UNIPOLAR OFFSET ERROR 

U nipolar Offset Error is the deviation of the first code transition 
from the ideal AIN (-F) voltage (AIN (-) + 0.5 LSB) when oper- 
ating in the unipolar mode. 

BIPOLAR ZERO ERROR 

T his is the deviation of the midscale transition (0111 ... Ill 
to 1000 . . . 000) from the ideal Al N (-F) voltage (AIN (-) - 
0.5 LSB) when operating in the bipolar mode. 

GAIN ERROR 

This is a measure of the span error of the ADC. It includes full- 
scale errors but not zero-scale errors. F or unipolar input ranges 
it is defined as (full-scale error - unipolar offset error) while for 
bipolar input ranges it is defined as (full-scale error - bipolar 
zero error). 

BIPOLAR NEGATIVE FULL-SCALE ERROR 

T his is the deviation of the first code transition from the ideal 



AIN (-F) voltage (AIN (-) - Vref/GAIN -f 0.5 LSB) when operat- 
ing in the bipolar mode. 

POSITIVE FULL-SCALE OVERRANGE 

Positive F ull-Scale Overrange is the amount of overhead avail- 
able to handle input voltages on AIN (-F) input greater than 
AIN(-) -F Vref/GAIN (for example, noise peaks or excess volt- 
ages due to system gain errors in system calibration routines) 
without introducing errors due to overloading the analog modu- 
lator or overflowing the digital filter. 

NEGATIVE FULL-SCALE OVERRANGE 

T his is the amount of overhead available to handle voltages on 
AIN (-F) below AIN (-) - Vref/GAIN without overloading the 
analog modulator or overflowing the digital filter. N ote that the 
analog input will accept negative voltage peaks even in the uni- 
polar mode provided that Al N (-F) is greater than Al N (-) and 
greater than AG N D - 30 mV. 

OFFSET CALIBRATION RANGE 

In the system calibration modes, the AD 7714 calibrates its off- 
set with respect to the analog input. T he Offset Calibration 
Range specification defines the range of voltages that the 
AD 7714 can accept and still calibrate offset accurately. 

FULL-SCALE CALIBRATION RANGE 

This is the range of voltages that the AD 7714 can accept in the 
system calibration mode and still calibrate full scale correctly. 

INPUT SPAN 

In system calibration schemes, two voltages applied in sequence 
to the AD7714’s analog input define the analog input range. 

T he input span specification defines the minimum and maxi- 
mum input voltages from zero to full scale that the AD 7714 can 
accept and still calibrate gain accurately. 

*AI N (-) refers to the negative input of the differentiai input pairs or to Ai N 6 
when referring to the pseudo-differentiai input configurations. 
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AD7714 



AD77M-50UTPUT NOISE 

T able la shows the output rms noise and effective resolution for some typical notch and -3 dB frequencies for the AD 7714-5 with 
fcLK IN = 2.4576 MHz while T able I b gives the Information for fcL< in = 1 M H z. T he numbers given are for the bipolar Input ranges 
with a Vref of -1-2.5 V and with BUFFER =0. These numbers are typical and are generated at an analog Input voltage of 0 V. The 
numbers In brackets In each table are for the effective resolution of the part (rounded to the nearest 0.5 LSB). The effective resolu- 
tion of the device Is defined as the ratio of the output rms noise to the Input full scale (I.e., 2 x Vref/GAIN). It should be noted that 
It Is not calculated using peak-to-peak output noise numbers. Peak-to-peak noise numbers can be up to 6.6 times the rms numbers 
while effective resolution numbers based on peak-to-peak noise can be 2.5 bits below the effective resolution based on rms noise as 
quoted In the tables. 

T he output noise from the part comes from two sources. T he first Is the electrical noise In the semiconductor devices used In the 
Implementation of the modulator (device noise). Secondly, when the analog Input signal Is converted Into the digital domain, quan- 
tization noise Is added. T he device noise Is at a low level and Is largely Independent of frequency. T he quantization noise starts at 
an even lower level but rises rapidly with Increasing frequency to become the dominant noise source. Consequently, lower filter 
notch settings (below 100 H z approximately for fciK in = 2.4576 MHz and below 40 H z approximately for fcL< in = 1 M H z) tend to 
be device noise dominated while higher notch settings are dominated by quantization noise. C hanging the filter notch and cutoff 
frequency In the quantizatlon-nolse dominated region results In a more dramatic Improvement In noise performance than It does In 
the device-nolse dominated region as shown In T able I. Furthermore, quantization noise Is added after the PGA, so effective resolu- 
tion Is largely Independent of gain for the higher filter notch frequencies. M eanwhile, device noise Is added In the PGA and, there- 
fore, effective resolution reduces at high gains for lower notch frequencies. Additionally, In the device-nolse dominated region, the 
output noise (In pV) Is largely Independent of reference voltage while In the quantizatlon-nolse dominated region, the noise Is pro- 
portional to the value of the reference. It Is possible to do post-filtering on the device to Improve the output data rate for a given 
-3 dB frequency and also to further reduce the output noise. 

At the lower filter notch settings (below 60 H z for fcL< in = 2.4576 MHz and below 25 H z for fciK in = 1 M H z), the no missing 
codes performance of the device Is at the 24-blt level. At the higher settings, more codes will be missed until at 1 kH z notch setting 
for fcLK IN = 2.4576 MHz (400 H z for fciK in = 1 M H z), no missing codes performance Is only guaranteed to the 12-blt level. 



Tablela. ADTTlA'SOutputNois^esolution vs. Gain and First Notch for fcLKm = 2.4576 MHz, BUFFER =0 



Fiiter First 


-3dB 

Frequency 


Typicai Output RMS NoiseinpV (Effective Resoiution in Bits) 


Notch & 0/P 
Data Rate 


Gain of 
1 


Gain of 
2 


Gain of 
4 


Gain of 
8 


Gain of 
16 


Gain of 
32 


Gain of Gain of 
64 128 


5 Hz 


1.31 Hz 


0.87 


(22.5) 


0.48 


(22.5) 


0.24 (22.5) 


0.2 (21.5) 


0.18 (20.5) 


0.17 (20) 


0.17 (19) 0.17 (18) 


10 Hz 


2.62 Hz 


1.0 


(22.5) 


0.78 


(21.5) 


0.48 (21.5) 


0.33 (21) 


0.25 (20.5) 


0.25 (19.5) 


0.25 (18.5) 0.25 (17.5) 


25 Hz 


6.55 Hz 


1.8 


(21.5) 


1.1 


(21) 


0.63 (21) 


0.5 (20) 


0.44 (19.5) 


0.41 (18.5) 


0.38 (17.5) 0.38 (16.5) 


30 Hz 


7.86 Hz 


2.5 


(21) 


1.31 


(21) 


0.84 (20.5) 


0.57 (20) 


0.46 (19.5) 


0.43 (18.5) 


0.4 (17.5) 0.4 (16.5) 


50 Hz 


13.1 Hz 


4.33 


(20) 


2.06 


(20) 


1.2 (20) 


0.64 (20) 


0.54 (19) 


0.46 (18.5) 


0.46 (17.5) 0.46 (16.5) 


60 Hz 


15.72 Hz 


5.28 


(20) 


2.36 


(20) 


1.33 (20) 


0.87 (19.5) 


0.63 (19) 


0.62 (18) 


0.6 (17) 0.56 (16) 


100 Hz 


26.2 Hz 


12.1 


(18.5) 


5.9 


(18.5) 


2.86 (19) 


1.91 (18.5) 


1.06 (18) 


0.83 (17.5) 


0.82 (16.5) 0.76 (15.5) 


250 Hz 


65.5 Hz 


127 


(15.5) 


58 


(15.5) 


29 (15.5) 


15.9 (15.5) 


6.7 (15.5) 


3.72 (15.5) 


1.96 (15.5) 1.5 (14.5) 


500 Hz 


131 Hz 


533 


(13) 


267 


(13) 


137 (13) 


66 (13) 


38 (13) 


20 (13) 


8.6 (13) 4.4 (13) 


1 kHz 


262 Hz 


2,850 


(11) 


1,258 


(11) 


680 (11) 


297 (11) 


131 (11) 


99 (10.5) 


53 (10.5) 28 (10.5) 



Tabielb. ADTTlA-SOutputNoisa/Resoiution vs. Gain and First Notch for fcLK in = 1MHz, BUFFER =0 



Fiiter First 


-3dB 

Frequency 


Typical 


Output RMS Noise in pV (Effective Resolution in Bits) 


Notch & 0/P 
Data Rate 


Gain of 
1 


Gain of 
2 


Gain of 
4 


Gain of 
8 


Gain of 
16 


Gain of 
32 


Gain of 
64 


Gain of 
128 


2 Hz 


0.52 Hz 


0.75 


(22.5) 


0.56 


(22) 


0.31 (22) 


0.19 (21.5) 


0.17 (21) 


0.14 (20) 


0.14 (19) 


0.14 (18) 


4 Hz 


1.05 Hz 


1.04 


(22) 


0.88 


(21.5) 


0.45 (21.5) 


0.28 (21) 


0.21 (20.5) 


0.21 (19.5) 


0.21 (18.5) 


0.21 (17.5) 


10 Hz 


2.62 Hz 


1.66 


(21.5) 


1.01 


(21.5) 


0.77 (20.5) 


0.41 (20.5) 


0.37 (19.5) 


0.35 (19) 


0.35 (18) 


0.35 (17) 


25 Hz 


6.55 Hz 


5.2 


(20) 


2.06 


(20) 


1.4 (20) 


0.86 (19.5) 


0.63 (19) 


0.61 (18) 


0.59 (17) 


0.59 (16) 


30 Hz 


7.86 Hz 


7.1 


(19.5) 


3.28 


(19.5) 


1.42 (19.5) 


1.07 (19) 


0.78 (18.5) 


0.64 (18) 


0.61 (17) 


0.61 (16) 


50 Hz 


13.1 Hz 


19.4 


(18) 


9.11 


(18) 


4.2 (18) 


2.45 (18) 


1.56 (17.5) 


1.1 (17) 


0.82 (16.5) 


0.8 (15.5) 


60 Hz 


15.72 Hz 


25 


(17.5) 


16 


(17.5) 


6.5 (17.5) 


2.9 (17.5) 


1.93 (17.5) 


1.4 (17) 


1.1 (16) 


0.98 (15.5) 


100 Hz 


26.2 Hz 


102 


(15.5) 


58 


(15.5) 


25 (15.5) 


13.5 (15.5) 


5.7 (15.5) 


3.9 (15.5) 


2.1 (15) 


1.3 (15) 


200 Hz 


52.4 Hz 


637 


(13) 


259 


(13) 


130 (13) 


76 (13) 


33 (13) 


16 (13) 


11 (13) 


6 (12.5) 


400 Hz 


104.8 Hz 


2,830 


(11) 


1,430 


(11) 


720 (11) 


334 (11) 


220 (10.5) 


94 (10.5) 


54 (10.5) 


25 (10.5) 
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AD77M-30UTPUT NOISE 

T able I la shows the output rms noise and effective resolution for some typical notch and -3 dB frequencies for the AD 7714-3 with 
fcLK IN = 2.4576 MHz while! able lib gives the Information for fcL< in = 1 M H z. The numbers given are for the bipolar Input 
ranges with a Vref of -1-1.25 V and BU FFER = 0. These numbers are typical and are generated at an analog Input voltage of 0 V. 
The numbers In brackets In each table are for the effective resolution of the part (rounded to the nearest 0.5 LSB). T he effective 
resolution of the device Is defined as the ratio of the output rms noise to the Input full scale (I.e., 2 x Vref/GAIN ). It should be 
noted that It Is not calculated using peak-to-peak output noise numbers. Peak-to-peak noise numbers can be up to 6.6 times the rms 
numbers while effective resolution numbers based on peak-to-peak noise can be 2.5 bits below the effective resolution based on rms 
noise as quoted In the tables. 

T he output noise from the part comes from two sources. T he first Is the electrical noise In the semiconductor devices used In the 
Implementation of the modulator (device noise). Secondly, when the analog Input signal Is converted Into the digital domain, quan- 
tization noise Is added. T he device noise Is at a low level and Is largely Independent of frequency. T he quantization noise starts at 
an even lower level but rises rapidly with Increasing frequency to become the dominant noise source. Consequently, lower filter 
notch settings (below 100 H z approximately for fciK in = 2.4576 MHz and below 40 H z approximately for fcL< in = 1 M H z) tend to 
be device noise dominated while higher notch settings are dominated by quantization noise. C hanging the filter notch and cutoff fre- 
quency In the quantization noise dominated region results In a more dramatic Improvement In noise performance than It does In the 
device-nolse dominated region as shown In T able II. F urthermore, quantization noise Is added after the PGA, so effective resolution 
Is largely Independent of gain for the higher filter notch frequencies. M eanwhile, device noise Is added In the PGA and, therefore, ef- 
fective resolution suffers a little at high gains for lower notch frequencies. Additionally, In the device-nolse dominated region, the 
output noise (In pV) Is largely Independent of reference voltage while In the quantizatlon-nolse dominated region, the noise Is pro- 
portional to the value of the reference. It Is possible to do post-filtering on the device to Improve the output data ratefor a given 
-3 dB frequency and also to further reduce the output noise. 

At the lower filter notch settings (below 60 H z for fciK in = 2.4576 M H z and below 25 H z for fciK in = 1 M H z), the no missing 
codes performance of the device Is at the 24-blt level. At the higher settings, more codes will be missed until at 1 kH z notch setting 
for fcLK IN = 2.4576 MHz (400 H z for fciK in = 1 M H z), no missing codes performance Is only guaranteed to the 12-blt level. 



Tablella. AD7714-3 Output Nois^esdution vs Gainand First Notch fbrfcLKiN = 2.4576MHz, BUFFER =0 



Fiiter First 


-3dB 

Frequency 


Typical 


Output RMS Ndsein pV (Effective Resdution in Bits) 


Notch & 0/P 
Data Rate 


Gain of 
1 


Gain of 
2 


Gain of 
4 


Gain d 
8 


Gain of 
16 


Gain of 
32 


Gain of 
64 


Gain of 
128 


5 Hz 


1.31 Hz 


1.07 


(21) 


0.68 


(21) 


0.29 (21) 


0.24 (20) 


0.22 (19.5) 


0.22 (18.5) 


0.22 (17.5) 


0.22 (16.5) 


10 Hz 


2.62 Hz 


1.69 


(20.5) 


1.1 


(20) 


0.56 (20) 


0.35 (19.5) 


0.33 (19) 


0.33 (18) 


0.33 (17) 


0.33 (16) 


25 Hz 


6.55 Hz 


3.03 


(19.5) 


1.7 


(19.5) 


0.89 (19.5) 


0.55 (19) 


0.49 (18.5) 


0.46 (17.5) 


0.46 (16.5) 


0.45 (15.5) 


30 Hz 


7.86 Hz 


3.55 


(19.5) 


2.1 


(19) 


1.1 (19) 


0.61 (18.5) 


0.58 (18) 


0.57 (17) 


0.55 (16) 


0.55 (15) 


50 Hz 


13.1 Hz 


4.72 


(19) 


2.3 


(19) 


1.5 (18.5) 


0.84 (18.5) 


0.7 (18) 


0.68 (17) 


0.67 (16) 


0.66 (15) 


60 Hz 


15.72 Hz 


5.12 


(19) 


3.1 


(18.5) 


1.6 (18) 


0.98 (18) 


0.9 (17.5) 


0.7 (17) 


0.69 (16) 


0.68 (15) 


100 Hz 


26.2 Hz 


9.68 


(18) 


5.6 


(18) 


2.4 (18) 


1.3 (18) 


1.1 (17) 


0.95 (16.5) 


0.88 (15.5) 


0.9 (14.5) 


250 Hz 


65.5 Hz 


44 


(16) 


31 


(15.5) 


15 (15.5) 


5.8 (15.5) 


3.7 (15.5) 


2.4 (15) 


1.8 (14.5) 


1.8 (13.5) 


500 Hz 


131 Hz 


304 


(13) 


129 


(13) 


76 (13) 


33 (13) 


20 (13) 


11 (13) 


6.3 (12.5) 


3 (12.5) 


1 kHz 


262 Hz 


1410 


(11) 


715 


(11) 


350 (11) 


177 (11) 


101 (10.5) 


51 (10.5) 


31 (10.5) 


12 (10.5) 



Tablellb. AD7714-3 Output Noisa/Resdution vs Gain and First Notch for fcLK in = 1MHz, BUFFER =0 



Filter First 


-3dB 

Frequency 


Typical Output RMS NdseinpV (Effective Resdution in Bits) 


Notch & 0/P 
Data Rate 


Gain of 
1 


Gain of 
2 


Gain of 
4 


Gain of 
8 


Gain of 
16 


Gain of 
32 


Gain of 
64 


Gain of 
128 


2 Hz 


0.52 Hz 


0.86 (21.5) 


0.58 (21) 


0.32 (21) 


0.21 (20.5) 


0.2 (19.5) 


0.2 (18.5) 


0.2 (17.5) 


0.2 (16.5) 


4 Hz 


1.05 Hz 


1.26 (21) 


0.74 (20.5) 


0.44 (20.5) 


0.35 (20) 


0.3 (19) 


0.3 (18) 


0.3 (17) 


0.3 (16) 


10 Hz 


2.62 Hz 


1.68 (20.5) 


1.33 (20) 


0.73 (20) 


0.5 (19) 


0.49 (18.5) 


0.49 (17.5) 


0.48 (16.5) 


0.47 (15.5) 


25 Hz 


6.55 Hz 


3.82 (19.5) 


2.0 (19.5) 


1.2 (19) 


0.88 (18.5) 


0.66 (18) 


0.57 (17) 


0.55 (16) 


0.55 (15) 


30 Hz 


7.86 Hz 


4.88 (19) 


2.1 (19) 


1.3 (19) 


0.93 (18.5) 


0.82 (17.5) 


0.69 (17) 


0.68 (16) 


0.66 (15) 


50 Hz 


13.1 Hz 


11 (18) 


4.8 (18) 


2.4 (18) 


1.4 (18) 


1.4 (17) 


0.73 (16.5) 


0.71 (15.5) 


0.7 (15) 


60 Hz 


15.72 Hz 


14.7 (17.5) 


7.5 (17.5) 


3.8 (17.5) 


2.6 (17) 


1.5 (16.5) 


0.95 (16.5) 


0.88 (15) 


0.9 (14.5) 


100 Hz 


26.2 Hz 


61 (15.5) 


30 (15.5) 


12 (15.5) 


6.1 (15.5) 


2.9 (15.5) 


2.4 (15) 


1.8 (14.5) 


1.8 (13.5) 


200 Hz 


52.4 Hz 


275 (13) 


130 (13) 


65 (13) 


33 (13) 


17 (13) 


11 (13) 


6.3 (12.5) 


3 (12.5) 


400 Hz 


104.8 Hz 


1435 (11) 


720 (11) 


362 (11) 


175 (11) 


no (10.5) 


51 (10.5) 


31 (10.5) 


12 (10.5) 
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BUFFERED MODE NOISE 

T able III shows the typical output rms noise and effective resolution for some typical notch and -3 dB frequencies for the AD 7714- 
5 with fcLK IN = 2.4576 MHzandBUFFER=-l-5V. T able IV gives the Information for the AD 7714-3 again with fcL< in = 2.4576 
MFIz and BUFFER =-F5V.The numbers given are for the bipolar Input ranges and are generated with a differential analog Input 
voltage of 0 V. For the AD 7714-5, the Vref voltage Is -F2.5 V while for the AD 7714 the Vref voltage Is -Fl.25 V. The numbers In 
brackets In each table are for the effective resolution of the part (rounded to the nearest 0.5 LSB). The effective resolution of the de- 
vice Is defined as the ratio of the output rms noise to the Input full scale (I.e., 2x Vref/GAIN ). It should be noted that It Is not cal- 
culated using peak-to-peak output noise numbers. Peak-to-peak noise numbers can be up to 6.6 times the rms numbers while 
effective resolution numbers based on peak-to-peak noise can be 2.5 bits below the effective resolution based on rms noise as quoted 
In the tables. 



Tablelll. AD7714-5Buffered ModeOutputNois^Resolution for fcLKm = 2.4576 MHz 



Filter First 


-3dB 

Frequency 


Typical 


1 Output RMS Noise in pV (Effective Resolution in Bits) 


Notch & 0/P 
Data Rate 


Gain of 
1 


Gain of 
2 


Gain of 
4 


Gain of 
8 


Gain of 
16 


Gain of 
32 


Gain of 
64 


Gain of 
128 


5 Hz 


1.31 Hz 


0.99 (22.5) 


0.68 (22) 


0.46 (21.5) 


0.26 (21) 


0.26 (20) 


0.26 (19) 


0.26 (18) 


0.26 (17) 


10 Hz 


2.62 Hz 


1.5 (21.5) 


0.95 (21.5) 


0.63 (21) 


0.41 (20.5) 


0.39 (19.5) 


0.36 (18.5) 


0.36 (17.5) 


0.36 (16.5) 


25 Hz 


6.55 Hz 


2.5 (21) 


1.7 (20.5) 


0.88 (20.5) 


0.75 (19.5) 


0.57 (19) 


0.57 (18) 


0.57 (17) 


0.56 (16) 


30 Hz 


7.86 Hz 


2.9 (20.5) 


1.8 (20.5) 


1 (20) 


0.87 (19.5) 


0.75 (18.5) 


0.72 (17.5) 


0.72 (16.5) 


0.71 (15.5) 


50 Hz 


13.1 Hz 


4.2 (20) 


2.5 (20) 


1.5 (19.5) 


1.1 (19) 


0.94 (18.5) 


0.94 (17.5) 


0.94 (16.5) 


0.87 (15.5) 


60 Hz 


15.72 Hz 


6.1 (19.5) 


2.9 (19.5) 


2 (19.5) 


1.2 (19) 


1 (18.5) 


0.97 (17.5) 


0.95 (16.5) 


0.94 (15.5) 


100 Hz 


26.2 Hz 


13.8 (18.5) 


6.5 (18.5) 


3.5 (18.5) 


2.2 (18) 


1.3 (18) 


1.2 (17) 


1.3 (16) 


1.1 (15) 


250 Hz 


65.5 Hz 


87 (16) 


56 (15.5) 


25 (15.5) 


11 (15.5) 


5.7 (15.5) 


3.6 (15.5) 


2.4 (15) 


2.1 (14) 


500 Hz 


131 Hz 


508 (13.5) 


241 (13.5) 


117 (13.5) 


73 (13) 


34 (13) 


16 (13) 


8.5 (13) 


5.2 (13) 


1 kHz 


262 Hz 


2860 (11) 


1700 (10.5) 


745 (10.5) 


480 (10.5) 


197 (10.5) 


94 (10.5) 


53 (10.5) 


23 (10.5) 



TablelV. AD 7714- 3 Buffered Mode Output Nois^Resoluti on for fcLK in = 2.4576 MHz 



Filter First 


-3dB 

Frequency 


Typical Output RMS Noisein pV (Effective Resolution in Bits) 


Notch & 0/P 
Data Rate 


Gain of 
1 


Gain of 
2 


Gain of 
4 


Gain of 
8 


Gain of 
16 


Gain of 
32 


Gain of 
64 


Gain of 
128 


5 Hz 


1.31 Hz 


1.16 


(21) 


0.76 


(20.5) 


0.34 (20) 


0.29 (20) 


0.29 (19) 


0.28 (18) 


0.26 (17) 


0.26 (6) 


10 Hz 


2.62 Hz 


1.7 


(20.5) 


1 


(20.5) 


0.7 (20) 


0.46 (19.5) 


0.45 (18.5) 


0.4 (17.5) 


0.4 (16.5) 


0.4 (15.5) 


25 Hz 


6.55 Hz 


3.5 


(19.5) 


1.8 


(19.5) 


1.1 (19) 


0.74 (18.5) 


0.63 (18) 


0.6 (17) 


0.6 (16) 


0.6 (15) 


30 Hz 


7.86 Hz 


3.7 


(19.5) 


2.2 


(19) 


1.3 (19) 


0.76 (18.5) 


0.68 (18) 


0.66 (17) 


0.66 (16) 


0.66 (15) 


50 Hz 


13.1 Hz 


4.5 


(19) 


3 


(18.5) 


1.7 (18.5) 


1.0 (18) 


0.92 (17.5) 


0.9 (16.5) 


0.89 (15.5) 


0.89 (14.5) 


60 Hz 


15.72 Hz 


5.3 


(19) 


3.3 


(18.5) 


1.8 (18.5) 


1.1 (18) 


1 (17) 


0.96 (16.5) 


0.96 (15.5) 


0.96 (14.5) 


100 Hz 


26.2 Hz 


10 


(18) 


4.9 


(18) 


3.1 (17.5) 


1.5 (17.5) 


1.2 (17) 


1.2 (16) 


1.2 (15) 


1.2 (14) 


250 Hz 


65.5 Hz 


47 


(15.5) 


29 


(15.5) 


15 (15.5) 


7.5 (15.5) 


4.7 (15) 


2.6 (15) 


2.5 (14) 


1.6 (13.5) 


500 Hz 


131 Hz 


300 


(13.5) 


171 


(13) 


74 (13) 


35 (13) 


21 (13) 


8.6 (13) 


5.6 (13) 


3.1 (12.5) 


1 kHz 


262 Hz 


1722 


(10.5) 


735 


(10.5) 


380 (10.5) 


230 (10.5) 


93 (10.5) 


55 (10.5) 


30 (10.5) 


12 (10.5) 
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ON-CHIP REGISTERS 

T he AD 7714 contains eight on-chip registers which can be accessed via the seriai port of the part. T he first of these is a C ommunica- 
tions Register which controis the diannei seiection, decides whether the next operation is a read or write operation and aiso decides 
which register the next read or write operation accesse s. Aii communications to the part must start with a write operation to the 
C ommunications Register. After power-on or RESET, the device expects a write to its C ommunications Register. T he data written 
to this register determines whether the next operation to the part is a read or a write operation and aiso determines to which register 
this read or write operation occurs. T herefore, write access to any of the other registers on the part starts with a write operation to the 
Communications Register foiiowed by a write to the seiected register. A read operation from any other register on the part (inciuding 
the output data register) starts with a write operation to the C ommunications Registe r foiiowed by a read operation from the seiected 
register. T he communications register aiso controis channei seiection and theDRDY status is aiso avaiiabie by reading from the 
Communications Register. The second register is a M ode Register which determines caiibration mode and gain setting. The third 
register is iabeiied the Fiiter H igh Register and this determines the word iength, bipoiar/unipoiar operation and contains the upper 4 
bits of the fiiter seiection word. T he fourth register is iabeiied the Fiiter Low Register and contains the iower 8 bits of the fiiter seiec- 
tion word. T he fifth register is a T est Register which is accessed when testing the device. T he sixth register is the D ata Register from 
which the output data from the part is accessed. T he finai registers aiiow access to the part’s caiibration registers. T he Zero Scaie 
Caiibration Register aiiows access to the zero scaie caiibration coefficients for the seiected input channei whiie the Fuii Scaie Caiibra- 
tion Register aiiows access to the fuii scaie caiibration coefficients for the seiected input channei. T he registers are discussed in more 
detaii in the foiiowing sections. 

Communications Register (RS2-RSO = Ot Ot 0) 

The Communications Register is an 8-bit register from which data can either be read or to which data can be written. Aii communi- 
cations to the part must start with a write operation to the C ommunications Register. T he data written to the C ommunications Reg- 
ister determines whether the next operation is a read or write operation and to which register this operation takes piace. Once the 
subsequent read or write operation to the seiected register is compiete, the interface returns to whe re it exp ects a write operation to 
the Communications Register. T his is the defauit state of the interface, and on power-up or after a RESET, the AD 7714 is in this de- 
fauit state waiting for a write operation to the Communications Register. In situations where the interface sequence is lost, if a write 
operation of sufficient duration (containing at least 32 serial clock cycles) takes place with DIN high, the AD 7714 returns to this de- 
fault state. T able V outlines the bit designations for the Communications Register. 

Table V. Communications Register 



















0/DRDY 


RS2 


RSI 


RSO 


RIW 


CH2 


CHI 


CHO 



0/DRDY Fora write operation, a 0 must be written to this bit so that the write operation to the C ommunications Register ac- 
tually takes place. If a 1 is written to this bit, the part will not clock on to subsequent bits in the register. It will stay at 
this bit location until a 0 is written to this bit. Once a 0 is written to this bit, the n ext 7 bit s will be loaded to the 
Communications Register. For a read o peration, this bit provides the status of theDRDY flag from the part. T he sta- 
tus of this bit is the same as the DRDY output pin. 

RS2-RS0 Register Selection Bits. RS2 is the M SB of the three selection bits. The three bits select to which one of eight on-chip 
registers the next read or write operation takes place as shown in T able VI along with the register size. 



TableVI. Register Selection 



RS2 


RSI 


RSO 


Register 


Register Size 


0 


0 


0 


Communications Register 


8 Bits 


0 


0 


1 


M ode Register 


8 Bits 


0 


1 


0 


Filter H igh Register 


8 Bits 


0 


1 


1 


Filter Low Register 


8 Bits 


1 


0 


0 


T est Register 


8 Bits 


1 


0 


1 


Data Register 


16 Bits or 24 Bits 


1 


1 


0 


Zero-Scale Calibration Register 


24 Bits 


1 


1 


1 


Full-Scale Calibration Register 


24 Bits 



RfW Read/W rite Select. T his bit selects whether the next operation is a read or write operation to the selected register. A 

0 indicates a write cycle for the next operation to the appropriate register, while a 1 indicates a read operation from 
the appropriate register. 
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C H 2-C HO C hannel Select. T hese three bits select a channel either for conversion or for access to calibration coefficients as 
outlined in T able VII. There are three pairs of calibration registers on the part. In fully differential mode, the part 
has three input channels so each channel has its own pair of calibration registers. I n pseudo-differential mode, the 
AD 7714 has five input channels with some of the input channel combinations sharing calibration registers. With 
C H 2, C H 1 and C H 0 at a logic 1, the part looks at the Al N 6 input internally shorted to itself. T his can be used as 
a test method to evaluate the noise performance of the part with no external noise sources. I n this mode, the Al N 6 
input should be connected to an external voltage within the allowable common-mode range for the part. T he 
Power-On or RESET status of these bits is 1,0,0 selecting the differential pair AIN 1 and Al N 2. 



TableVII. Channel Selection 



CH2 


CHI 


CHO 


AIN(-H) 


AIN(-) 


Type 


Calibration Re^ster Pair 


0 


0 


0 


AIN 1 


AIN6 


Pseudo Differential 


Register Pair 0 


0 


0 


1 


AIN2 


AIN6 


Pseudo Differential 


Register Pair 1 


0 


1 


0 


AIN3 


AIN6 


Pseudo Differential 


Register Pair 2 


0 


1 


1 


AIN4 


AIN6 


Pseudo Differential 


Register Pair 2 


1 


0 


0 


AIN 1 


AIN2 


Fully Differential 


Register Pair 0 


1 


0 


1 


AIN3 


AIN4 


Fully Differential 


Register Pair 1 


1 


1 


0 


AIN5 


AIN6 


Fully Differential 


Register Pair 2 


1 


1 


1 


AIN6 


AIN6 


T est M ode 


Register Pair 2 



Mode Register (RS2-RSO = Ot 0^ 1); Power On/Reset Status: 00 Hex 

The M ode Register is an eight bit register from which data can either be read or to which data can be written. T able VIII outlines the 
bit designations for the M ode Register. 



TabieVIII. ModeRe^ster 



M D2 


M D1 


M DO 


G2 


G1 


GO 


BO 


FSYNC 



MD2 


MDl 


MDO 


Operating Mode 


0 


0 


0 


N ormal M ode; this is the normal mode of operation of the device whereby the device is performing nor- 
mal conversions. This is the default condition of these bits after Power-On or RESET. 


0 


0 


1 


Self-C alibration; this activates self-calibration on the channel selected by C H 2, C H 1 and C H 0 of the 
C ommunications Register. T his is a one step calibration sequence and when complete the part returns to 
N ormal M ode with M D 2, M D 1 and M D 0 returning to 0, 0, 0. T he DRDY output or bit goes high when 
calibration is initiated and returns low when this self-calibration is complete and a new valid word is 
available in the data register. T he zero-scale calibration is performed at the selected gain on internally 
shorted (zeroed) inputs and the full-scale calibration is performed at the selected gain on an internally- 
generated VREp/Selected Gain. 


0 


1 


0 


Zero-Scale System Calibration; this activates zero scale system calibration on the channel selected by 
CH 2, CH 1 and CH 0 of the Communications Register. Calibration is performed at the selected gain on 
the input voltage provided at the analog input during this calibration sequence. T his input voltage should 
remain stable for the duration of the calibration. T he DRDY output or bit goes high when calibration is 
initiated and returns low when this zero-scale calibration is complete and a new valid word is available in 
the data register. At the end of the calibration, the part returns to N ormal M ode with M D 2, M D 1 and 
MDO returning to 0, 0, 0. 


0 


1 


1 


Full-Scale System Calibration: this activates full-scale system calibration on the selected input channel. 
Calibration is performed at the selected gain on the input voltage provided at the analog input during this 
calibration sequence. This input voltage should remain stable for the duration of the calibration. Once 
again, the DRDY output or bit goes high when calibration is initiated and returns low when this full-scale 
calibration is complete and a new valid word is available in the data register. At the end of the calibration, 
the part returns to N ormal M ode with M D 2, M D 1 and M D 0 returning to 0, 0, 0. 
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MD2 



MDl 



MDO 



Operating Mode (continued) 



1 



0 



0 



System-Offset C alibration; this activates system-offset caiibration on the channei seiected by C H 2, C H 1 
and C H 0 of the C ommunications Register. T his is a one step caiibration sequence and when c ompiete 
the part returns to N ormai M ode with M D 2, M D 1 and M D 0 returning to 0, 0, 0. T he DRDY output 
or bit goes high when caiibration is initiated and returns iow when this system offset caiibration is com- 
piete and a new vaiid word is avaiiabie in the data register. For this caiibration type, thezero-scaie caii- 
bration is performed at the seiected gain on the input voitage provided at the anaiog input during this 
caiibration sequence. T his input voitage shouid remain stabie for the duration of the caiibration. T he 
fuii-scaie caiibration is performed at the seiected gain on an internaiiy generated VREp/Seiected Gain. 



1 0 



Background Caiibration; this activates background caiibration on the channei seiected by CH 2, CH 1 
and CH 0 of the Communications Register. If the background calibration mode is on, then the AD 7714 
provides continuous self-calibration of the shorted (zeroed) inputs. T his calibration takes place as part 
of the conversion sequence, extending the conversion time and reducing the word rate by a factor of six. 
Its major advantage is that the user does not have to worry about recalibrating the offset of the device 
when there is a change in the ambient temperature or supplies. I n this mode, the zero-scale calibration 
is performed at the selected gain on internally shorted (zeroed) inputs. T he calibrations are interleaved 
with normal conversions and the calibration registers of the device are automatically updated. Because 
the background calibration does not perform full-scale calibrations, a self-calibration should be per- 
formed before placing the part in the background calibration mode. 



1 



0 



Zero-Scale Self-Calibration; this activates zero-scale self-calibration on the channel selected by CH2, 

C H 1 and C H 0 of the C ommunications Register. T his zero-scale self-calibration is performed at the 
selected gain on internally shorted (zeroed) inputs. T his is a one step calibration sequence and w hen 
complete the part returnsto Normal M ode with M D2, M D1 and M DO returning to 0, 0, 0. T he DRDY 
output or bit goes high when calibration is initiated and returns low when this zero-scale self-calibration 
is complete and a new valid word is available in the data register. 



1 11 Full-Scale Self-Calibration; this activates full-scale self-calibration on the channel selected by C FI 2, 

C FI 1 and C FI 0 of the C ommunications Register. T his full-scale self-calibration is performed at the 
selected gain on an internally-generated VREp/Selected Gain. This is a one step calibration sequence and 
when c omplete the part returns to N ormai M ode with M D 2, M D 1 and M D 0 returning to 0, 0, 0. T he 
DRDY output or bit goes high when calibration is initiated and returns low when this full-scale self- 
calibration is complete and a new valid word is available in the data register. 



BO 



G2 


G1 


GO 


Gain Setting 


0 


0 


0 


1 


0 


0 


1 


2 


0 


1 


0 


4 


0 


1 


1 


8 


1 


0 


0 


16 


1 


0 


1 


32 


1 


1 


0 


64 


1 


1 


1 


128 



Burn-Out Current. A 0 in this bit turns off the on-chip burn-out currents. This is the default (Power- 
On or RESET ) status of this bit. A 1 in this bit activates the burn-out currents. When active, the burn- 
out currents connect to the selected analog input pair, one to theAlN (-F) input and one to theAlN (-) input 



FSYNC 



Filter Synchronization. When this bit is high, the nodes of the digital filter, the filter control logic and 
the calibration control logic are held in a reset state and the analog modulator is also held in its reset 
state. When this bit goes low, the modulator and filter start to process data and a valid word is available 
in 3 X l/(output update rate), i.e., the settling time of the filter. This FSYN C bit does not affect the 
digital interface and does not reset the DRDY output if it is low. 
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Filter Registers. Power On/Reset Status: Filter High Register: OlHex. Filter LowRegjster: 40Hec. 

There are two 8-bit Filter Registers on the AD 7714 from which data can either be read or to which data can be written. T ables IX 
and X outline the bit designations for the F liter Registers. 







Table IX. 


Filter High Re9ster(RS2-RSO = Ot 1, 0) 




B/U 


WL 


BST 


ZERO FSll FSIO FS9 


FS8 



TableX. Filter Low Register (RS2-RSO = Ot 1, 1) 




B/U Bipolar/U nipolar Operation. A 0 in this bit selects Bipolar Operation. This is the default (Power-On or RESET ) 

status of this bit. Alin this bit selects unipolar operation. 

WL Word Length. A 0 in this bit selects 16-bit word length when reading from the data register (i.e., DRDY returns 

high after 16 serial clock cycles in the read operation). T his is the default (Power-On or RESET) status of this 
bit. Alin this bit selects 24-bit word length. 

BST Current Boost. A 0 in this bit reduces the current taken by the analog front end. When the part is operated with 

fcLK IN = 1 M FI z or at gains of 1 to 4 with fcL< in = 2.4576 M FI z, this bit should be 0 to reduce the current 
drawn from AVdd, although the device will operate just as well with this bit at a 1. When the AD 7714 is oper- 
ated at gains of 8 to 128 with fciK in = 2.4576 M FI z, this bit must be 1 to ensure correct operation of the 
device. T he Power-On or RESET status of this bit is 0. 

ZERO To ensure correct operation of the part, a 0 must be written to this bit. 

FSll - FSO Filter Selection. The on-chip digital filter provides a Sinc^ (or (Sinx/x)^ ) filter response. The 12 bits of data 

programmed into these bits determine the filter cut-off frequency, the position of the first notch of the filter and 
the data rate for the part. I n association with the gain selection, it also determines the output noise (and hence 
the effective resolution) of the device. 

T he first notch of the filter occurs at a frequency determined by the relationship: 

filter first notch frequency = (fciK iN/128)/code 

where code is the decimal equivalent of the code in bits FSO to FSll and is in the range 19 to 4,000. With the 
nominal fciK in of 2.4576 M FI z, this results in a first notch frequency range from 4.8 FI z to 1.01 kFI z. T o 
ensure correct operation of the AD 7714, the value of the code loaded to these bits must be within this range. 

F allure to do this will result in unspecified operation of the device. 

C hanging the filter notch frequency, as well as the selected gain, impacts resolution. T ables I through IV show 
the effect of the filter notch frequency and gain on the effective resolution of the AD 7714. T he output data rate 
(or effective conversion time) for the device is equal to the frequency selected for the first notch of the filter. F or 
example, if the first notch of the filter is selected at 50 FI z then a new word is available at a 50 FI z rate or every 
20 ms. If the first notch is at 1 kFI z, a new word is available every 1 ms. 

T he settling time of the filter to a full-scale step input change is worst case 4 x l/(output data rate). For 
example, with the first filter notch at 50 FI z, the settling time of the filter to a full-scale step input change is 
80 ms max. T his settling time can be reduced to 3 x l/(output data rate) by synchronizing the ste p input 
change to a reset of the digital filter. In other words, if the step input takes place with th e SYNC input low or 
the FSYN C bit high, the settling time will be 3 x l/(output data rate) from when SYNC returns high or 
F S YNC re turns low. If a change of channel takes place, the sett ling time is 3 x l/(output data rate) regardless of 
the SYNC or F SY N C status as the part issues an internal SYNC command when requested to change channels. 

T he -3 dB frequency is determined by the programmed first notch frequency according to the relationship: 

filter -3dB frequency = 0.262 x filter first notch frequency. 

T est Register (RS2-RSO = 1, 0, 0) 

T he part contains a T est Register which is used in testing the device. T he user is advised not to change the status of any of the bits in this 
register from the default (Power-On or RESET) status o f all Os as the part will be placed in one of its test modes and will not operate cor- 
rectly. If the part enters one of its test modes, exercising RESET will exit the part from the mode. An alternativeschemefor getting the 
part out of one of its test modes, is to reset the interface by writing 32 successive Is to the part and then write all Os to the Test Register. 
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Data Register (RS2-RS0 = 1, 0, 1) 

T he D ata Register on the part is a read-oniy register which contains the most up-to-date conversion resuit from the AD 7714. T he 
register can be programmed to be either 16-bits or 24-bits wide, determined by the status of the WL bit of the M ode Register. If the 
C ommunications Register data sets up the part for a write operation to this register, a write operation must actually take place in 
order to return the part to where it is expecting a write operation to the Communications Register (the default state of the interface). 

H owever, the 16 or 24 bits of data written to the part will be ignored by the AD 7714. 

Zero-Scale Calibration Regster (RS2-RS0 = 1, 1, 0); Power On/Reset Status: lF4000Hex 

The AD 7714 contains three zero- scale calibration registers, labelled Zero-Scale Calibration Register 0 to Zero Scale Calibration 
Register 2. T he three registers are totally independent of each other such that in fully differential mode there is a zero-scale register 
for each of the input channels. Each of these registers is a 24-bit read/write register and, when writing to the registers, 24 bits must be 
written; otherwise no data will be transferred to the register. T he register is used in conjunction with the associated full-scale calibra- 
tion register to form a register pair. These register pairs are associated with input channel pairs as outlined in T able VII. 

While the part is set up to allow access to these registers over the digital interface, the part itself no longer has access to the register 
coefficients to correctly scale the output data. As a result, there is a possibility that after accessing the calibration registers (either read 
or write operation) the first output data read from the part may contain incorrect data. I n addition, a read or write operation to the 
calibra tion register should not be attempted while a calibration is in progress. T hese eventualities can be avoided by taking either the 
SYNC input low or the FSYN C bit of the M ode Register high before the calibration register operation and taking them either high or 
low respectively after the operation is complete. 

Full-Scale Calibration Register (RS2-RS0 = 1, 1, 1); Power On/Reset Status: 5761AB Hex 

The AD 7714 contains three full-scale calibration registers, labelled Full-Scale Calibration Register 0 to Full-Scale Calibration Regis- 
ter 2. T he three registers are totally independent of each other such that in fully differential mode there is a full-scale register for each 
of the input channels. Each of these registers is a 24-bit read/write register and, when writing to the registers, 24 bits must be written, 
otherwise no data will be transferred to the register. T he register is used in conjunction with the associated zero-scale calibration reg- 
ister to form a register pair. T hese register pairs are associated with input channel pairs as outlined in T able VII. 

While the part is set up to allow access to these registers over the digital interface, the part itself no longer has access to the coeffi- 
cients to correctly scale the output data. As a result, there is a possibility that after accessing the calibration registers (either read or 
write operation) the first output data read from the part may contain incorrect data. I n addition, a read or write operation to the cali- 
bration register should not be attempted while a calibration is in progress.T hese eventualities can be avoided by taking either the 
SYNC input low or the FSYN C bit of the M ode Register high before the calibration register operation and taking them either high or 
low respectively after the operation is complete. 

CALIBRATION OPERATION 

The AD 7714 contains a number of calibration options as outlined previously. T able XI summarizes the calibration types, the opera- 
tions inv olved an d the duration of the operations. T here are two methods of determining the end of calibration. T he first is to moni- 
tor when DRDY returns low at the end of the sequence. DRDY not only indicates when the sequence is complete but also that the 
part has a valid new sample in its data register. T his valid new sample is the result of a normal conversion which follows the calibra- 
tion sequence. T he second method of determining when calibration is complete is to monitor the M D 2, M D 1 and M D 0 bits of the 
M ode Register. When these bits return to 0, 0, 0 following a calibration command, it indicates that the calibration sequence is com- 
plete. T his method does not give any indica tion of t here being a valid new result in the data register. FI owever, it gives an earlier 
indication that calibration is complete than DRDY. The time to when th e M ode Bits (M D2, M D 1 and M DO) return to 0, 0, 0 
represents the duration of the calibration. T he sequence to when DRDY goes low also includes a normal conversion and a pipeline 
delay, tp (2000 x tcL< in), to correctly scale the results of this first conversion. The time for both methods is given in the table. 



TableXI. Calibration O per aAions 



Calibration Type 


MD2, MDl, MDO 


Calibration Sequence 


Duration to Mode Bits 


Duration to DRDY 


Self Calibration 


0, 0, 1 


Internal ZS Cal @ Selected Gain -i- 
Internal FS Cal @ Selected Gain 


6 X 1/Output Rate 


9 X 1/Output Rate -i- tp 


ZS System Calibration 


0, 1, 0 


ZS Cal on AIN @ Selected Gain 


3 X 1/Output Rate 


4 X 1/Output Rate -i- tp 


FS System Calibration 


0, 1, 1 


FS Cal on AIN @ Selected Gain 


3 X 1/Output Rate 


4 X 1/Output Rate -i- tp 


System-Offset Calibration 


1, 0, 0 


ZS Cal on AIN @ Selected Gain + 
Internal FS Cal @ Selected Gain 


6 X 1/Output Rate 


9 X 1/Output Rate -i- tp 


Background Calibration 


1, 0, 1 


Internal ZS Cal @ Selected Gain -i- 
N ormal Conversion 


Bits N ot Reset 


6 X 1/Output Rate 


ZS Self Calibration 


1, 1, 0 


Internal ZS Cal @ Selected Gain 


3 X 1/Output Rate 


6 X 1/Output Rate -i- tp 


FS Self Calibration 


1, 1, 1 


Internal FS Cal @ Selected Gain 


3 X 1/Output Rate 


6 X 1/Output Rate -i- tp 
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CIRCUIT DESCRIPTION 

The AD 7714 is a sigma-delta A/D converter with on-chip digi- 
tal filtering, intended for the measurement of wide dynamic 
range, low frequency signals such as those in weigh-scale, pres- 
sure transducer, industrial control or process control applica- 
tions. It contains a sigma-delta (or charge-balancing) ADC, a 
calibration microcontroller with on-chip static RAM , a clock 
oscillator, a digital filter and a bidirectional serial communica- 
tions port. T he part consumes only 500 pA of power supply cur- 
rent and features a standby mode which requires only 10 pA, 
making it ideal for battery-powered or loop-powered instru- 
ments. T he part comes in two versions, the AD 7714-5 which is 
specified for operation from a nominal -1-5 V analog supply 
(AVdd) and the AD 7714-3 which is specified for operation from 
a nominal -1-3.3 V analog supply. Both versions can be operated 
with a digital supply (D Vdd) voltage of either -1-3.3 V or -1-5 V. 

T he part contains three programmable-gain fully differential 
analog input channels which can be reconfigured as five pseudo- 
differential inputs. T he gain range on all channels is from 1 to 
128 allowing the part to accept unipolar signals of between 
0 mV to -1-20 mV and 0 V to -1-2.5 V. I n bipolar mode, the part 
handles genuine bipolar signals of ±20 mV and quasi-bipolar 
signals up to ±2.5 V when the reference input voltage equals 
±2.5 V. With a reference voltage of ±1.25 V, the input ranges 
are from 0 mV to ±10 mV to 0 V to ±1.25 V in unipolar mode 
while in bipolar mode, the part handles genuine bipolar signals 
of ±10 mV and quasi-bipolar signals up to ±1.25 V. 

T he part employs a sigma-delta conversion technique to realize 
up to 24 bits of no missing codes performance. T he sigma- 
delta modulator converts the sampled input signal into a digital 
pulse train whose duty cycle contains the digital information. 



T he programmable gain function on the analog input is also 
incorporated in this sigma-delta modulator with the input sam- 
pling frequency of the modulator being modified to give the 
higher gains. A sinc^ digital low-pass filter processes the output 
of the sigma-delta modulator and updates the output register at 
a rate determined by the first notch frequency of this filter. T he 
output data can be read from the serial port randomly or peri- 
odically at any rate up to the output register update rate. T he 
first notch of this digital filter, its -3 dB frequency and its out- 
put rate can be programmed via the filter high and filter low 
registers. With a master clock frequency of 2.4576 MHz, the 
programmable range for this first notch frequency and output 
rate is from 4.8 Hz to 1.01 kHz giving a programmable range 
for the -3 dB frequency of 1.26 H z to 265 H z. 

T he basic connection diagram for the part is shown in F igure 2. 
T his shows both theAVop and DVqd pinsof theAD7714 being 
driven from the analog ±3 V or ±5 V supply. Some applications 
will have AVdd and DVdd driven from separate supplies. In the 
connection diagram shown, the AD 7714’s analog inputs are 
configured as three fully differential inputs. T he part is set up 
for unbuffered mode on the these analog inputs. An AD 780, 
precision ±2.5 V reference, provides the reference source for the 
part. On the digtal side, the part is configured for three-wire 
operation with ^tiedtoDGND.A quartz crystal or ceramic 
resonator provides the master clock source for the part. It may 
be necessary to connect capacitors on the crystal or resonator to 
ensure that it does not oscillate at overtones of its fundamental 
operating frequency. T he values of capacitors will vary depend- 
ing on the manufacturer’s specifications. 



ANALOG 




Figure 2. Basic Connection Diagram 



REV. B 



-17- 



AD7714 



ANALOG INPUT 
Analog Input Ranges 

TheAD7714 contains six anaiog input pins (iabeiied AIN 1 to 
Al N 6) which can be configured as either three fuiiy differentiai 
input channeis or five pseudo-differentiai input channeis. Bits 
C H 0, C H 1 and C H 2 of the C ommunications Register configure 
the anaiog input arrangement and the channei seiection is as 
outiined previousiy in T abie VI I . T he input pairs (either differ- 
entiai or pseudo-differentiai) provide programmabie-gain, input 
channeis which can handie either unipoiar or bipoiar input sig- 
nais. It shouid be noted that the bipolar input signals are refer- 
enced to the respective AIN (-) input of the input pair. 

I n unbuffered mode, the common mode range of these inputs is 
from AG N D to AVdd provided that the absolute value of the 
analog input voltage lies between AG N D - 30 mV and 
AVdd + 30 mV. T his means that in unbuffered mode the part 
can handle both unipolar and bipolar input ranges for all gains. 

I n buffered mode, the analog inputs can handle much larger 
source impedances, but the absolute input voltage range is 
restricted to between AG N D -l- 50 mV to AVdd - 1-5 V which 
also places restrictions on the common-mode range. T his means 
that in buffered mode there are some restrictions on the allow- 
able gains for bipolar input ranges. Care must betaken in set- 
ting up the common-mode voltage and input voltage range so 
that the above limits are not exceeded, otherwise there will be a 
degradation in linearity performance. 

I n unbuffered mode, the analog inputs look directly into the 
7 pF input sampling capacitor, Csamp- The dc input leakage 
current in this unbuffered mode is 1 nA maximum (A Version) 
and 10 nA maximum (S Version). As a result, the analog inputs 
see a dynamic load which is switched at the input sample rate 
(see Figure 3). This sample rate depends on master clock fre- 
quency and selected gain. Csamp is charged to AIN (-F) and dis- 
charge to Al N (-) every input sample cycle. T he effective 
on-resistance of the switch, Rsw, is typically 7 kil. 




Figure 3. Unbuffered Analog Input Structure 



Csamp must be charged through Rsw and through any external 
source impedances every input sample cycle. T herefore, in un- 
buffered mode, source impedances mean a longer charge time 
for C SAM p and this may result in gain errors on the part. T able 
XII shows the allowable external resistance/capacitance values, 
for unbuffered mode, such that no gain error to the 16-bit level 
is introduced on the part. T able XIII shows the allowable exter- 
nal resistance/capacitance values, once again for unbuffered 
mode, such that no gain error to the 20-bit level is introduced. 



TableXII. External R, C Combination for No 16-Bit Gain 
Error (Unbuffered ModeOnly) 



Gain 


External Capacitance (pF) 




0 


50 


100 


500 


1000 


5000 


1 


368 kll 


90.6 k£l 


54.2 kil 


14.6 kn 


8.2 kil 


2.2 k£l 


2 


177.2 kn 


44.2 kll 


26.4 kil 


7.2 kil 


4 kil 


1.12 kll 


4 


82.8 kil 


21.2 kll 


12.6 kil 


3.4 kil 


1.94 kn 


540 n 


8-128 


35.2 kil 


9.6 kfl 


5.8 kll 


1.58 kil 


880 


240 



TableXIII. External R, C Combination for No 20-Bit Gain 
E rror (U nbuffered M ode Only) 



Gain 


External Capacitance (pF) 




0 


50 


100 


500 


1000 


5000 


1 


290 kn 


69 kil 


40.8 kil 


10.4 kil 


5.6 kil 


1.4 kil 


2 


141 kil 


33.8 kil 


20 kil 


5 k£l 


2.8 kil 


700 


4 


63.6 kll 


16 kil 


9.6 kll 


2.4 kil 


1.34 kll 


340 


8-128 


26.8 k£l 


7.2 kn 


4.4 kll 


1.1 kil 


600 n 


160 n 



I n buffered mode, the analog inputs look into the high imped- 
ance inputs stage of the on-chip buffer amplifier. Csamp is 
charged via this buffer amplifier such that source impedances do 
not affect the charging of Csamp- This buffer amplifier has an 
offset leakage current of 1 nA. In this buffered mode, large 
source impedances result in a dc offset voltage developed across 
the source impedance but not in a gain error. 

Input Sample Rate 

The modulator sample frequency for the AD 7714 remains at 
fcLK in/128 (19.2 kFI z @ f^LK in = 2.4576 M FI z) regardless of 
the selected gain. FI owever, gains greater than 1 are achieved 
by a combination of multiple input samples per modulator cycle 
and a scaling of the ratio of reference capacitor to input capaci- 
tor. As a result of the multiple sampling, the input sample rate 
of the device varies with the selected gain (see T able XIV). In 
buffered mode, the input is buffered before the input sampling 
capacitor. I n unbuffered mode, where the analog input looks 
directly into the sampling capacitor, the effective input imped- 
ance is 1/CsAMP-fs where Csamp is the input sampling capaci- 
tance and fs is the input sample rate. 
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TableXIV. Input Sampling Frequency vs. Gain 



Gain 


1 nput Sampling F req (fs) 


1 


fc 


LK in/64 


(38 


4 kFI Z @ fcLK IN - 


2.4576 MHz) 




2 


2 


fcLK IN 


/64 


(76.8 kFI z @ fcLK 1 


M = 


= 2.4576 M F 


z) 


4 


4 


fcLK IN 


/64 


(153.6 kHz@fcLK 


IN 


= 2.4576 M 


Hz) 


8 


8 


fcLK IN 


/64 


(307.2 kHz@fcLK 


IN 


= 2.4576 M 


Hz) 


16 


8 


fcLK IN 


/64 


(307.2 kHz@ fcLK 


IN 


= 2.4576 M 


Hz) 


32 


8 


fcLK IN 


/64 


(307.2 kHz@ fcLK 


IN 


= 2.4576 M 


Hz) 


64 


8 


fcLK IN 


/64 


(307.2 kHz@ fcLK 


IN 


= 2.4576 M 


Hz) 


128 


8 


fcLK IN 


/64 


(307.2 kHz@ fcLK 


IN 


= 2.4576 M 


Hz) 



Burn-Out Current 

The AD 7714 contains two 1 nA currents, one source current 
from AVdd to AIN (+) and one sink from AIN (-) to AGN D . 

T he currents are either both on or off depending on the BO bit 
of the M ode Register. T hese currents can be used in checking 
that a transducer has not burnt-out or gone open circuit before 
attempting to take measurements on that channel. If the cur- 
rents are turned on, allowed flow in the transducer, a measure- 
ment of the input voltage on the analog input taken and the 
voltage measured is full scale then it indicates that the trans- 
ducer has gone open-circuit; if the voltage measured is zero, it 
indicates that the transducer has gone short-circuit. For normal 
operation, these burn-out currents are turned off by writing a 0 
to the BO bit. F or the source current to work correctly, the ap- 
plied voltage on Al N (-F) should not go within 500 mV of AVqq. 
For the sink current to work correctly, the applied voltage on 
theAlN (-) input should not go within 500 mV of AGN D. 

BipolarAJni polar Inputs 

T he analog inputs on the AD 7714 can accept either unipolar or 
bipolar input voltage ranges. Bipolar input ranges do not imply 
that the part can handle negative voltages on its analog inputs, 
since the analog input cannot go more negative than -30 mV to 
ensure correct operation of the part. T he input channels are 
either fully differential or pseudo-differential (all other channels 
referenced to AIN 6). In either case, the input channels are 
arranged in pairs with an Al N (-F) and Al N (-). As a result, the 
voltage to which the unipolar and bipolar signals on the AIN (-F) 
input are referenced is the voltage on the respective Al N (-) 
input. For example, if AIN (-) is -F2.5 V and the AD 7714 is 
configured for unipolar operation with a gain of 2 and a Vref of 
-F2.5 V, the input voltage range on the AIN (-F) input is -F2.5 V 
to -F3.75 V. If AIN (-) is -F2.5 V and the AD 7714 is configured 
for bipolar mode with a gain of 2 and a Vref of -F2.5 V, the ana- 
log input range on the AIN (-F) input is -Fl.25 V to -F3.75 V (i.e., 
2.5 V ± 1.25 V). If AIN (-) is at AGN D, the part cannot be con- 
figured for bipolar ranges in excess of ±30 mV. 

Bipolar or unipolar options are chosen by programming theB/U 
bit of the F liter FI igh Register. T his programs the selected 
channel for either unipolar or bipolar operation. Programming 
the channel for either unipolar or bipolar operation does not 
change any of the input signal conditioning: it simply changes 
the data output coding and the points on the transfer function 
where calibrations occur. 

REFERENCE INPUT 

TheAD7714’s reference inputs, REF IN (+) and REF IN (-), 
provide a differential reference input capability. T he common- 
mode range for these differential inputs is from AG N D to 
AVdd- The nominal reference voltage, Vref (REF IN(+)- 



REF IN (-)), for specified operation is ±2.5 V for the AD 7714-5 
and ±1.25 V for the AD 7714-3. T he part is functional with 
Vref voltages down to 1 V but with degraded performance 
as the output noise will, in terms of LSB size, be larger. 

REF IN(±) must always be greater than REF IN (-) for correct 
operation of the AD 7714. 

Both reference inputs provide a high impedance, dynamic load 
similar to the analog inputs in unbuffered mode. T he maxi- 
mum dc input leakage current is±l nA over temperature and 
source resistance may result in gain errors on the part. I n this 
case, the sampling switch resistance is 5 kll typ and the refer- 
ence capacitor (Cref) varies with gain. The sample rate on the 
reference inputs is fciK in/64 and does not vary with gain. F or 
gains of 1 to 8, Cref is 8 pF : for a gain of 16, it is 5.5 pF , for a 
gain of 32, it is 4.25 pF , for a gain of 64, it is 3.625 pF and for a 
gain of 128, it is 3.3125 pF. 

T he output noise performance outlined in T ables I through IV 
is for an analog input of 0 V and is unaffected by noise on the 
reference. T o obtain the same noise performance as shown in 
the noise tables over the full input range requires a low noise 
reference source for the AD 7714. If the reference noise in the 
bandwidth of interest is excessive, it will degrade the perfor- 
mance of the AD 7714. In applications where the excitation 
voltage for the bridge transducer on the analog input also 
derives the reference voltage for the part, the effect of the noise 
in the excitation voltage will be removed as the application is 
ratiometric. Recommended reference voltage sources for the 
AD7714-5 include theAD780, REF43 and REF192 whilethe 
recommended reference sources for the AD 7714-3 include the 
AD 589 and AD 1580. It is generally recommended to decouple 
the output of these references to further reduce the noise level. 

DIGITAL FILTERING 

The AD 7714 contains an on-chip low-pass digital filter which 
processes the output of the part’s sigma-delta modulator. 

T herefore, the part not only provides the analog-to-digital con- 
version function but it also provides a level of filtering. T here 
are a number of system differences when the filtering function is 
provided in the digital domain rather than the analog domain 
and the user should be aware of these. 

First, since digital filtering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro- 
cess. Analog filtering cannot do this. Also, the digital filter can 
be made programmable far more readily than an analog filter. 
Depending on the digital filter design, this gives the user the 
capability of programming cutoff frequency and output update 
rate. 

On the other hand, analog filtering can remove noise superim- 
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator 
and digital filter, even though the average value of the signal is 
within limits. T o alleviate this problem, the AD 7714 has over- 
range headroom built into the sigma-delta modulator and digital 
filter which allows overrange excursions of 5% above the analog 
input range. If noise signals are larger than this, consideration 
should be given to analog input filtering, or to reducing the 
input channel voltage so that its full scale is half that of the ana- 
log input channel full scale. T his will provide an overrange 
capability greater than 100% at the expense of reducing the 
dynamic range by 1 bit (50%). 
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In addition, the digital filter does not provide any rejection at 
integer multiples of the digital filter’s sample frequency. H ow- 
ever, the input sampling on the part provides attenuation at 
multiples of the digital filter’s sampling frequency so that the 
unattenuated bands actually occur around multiples of the input 
sampling frequency fs (as defined in T able X IV). T hus, the 
unattenuated bands occur at n x fs (where n = 1, 2, 3. . .). At 
these frequencies, there are frequency bands, ifs dB wide (fa ^ is 
the cutoff frequency of the digital filter) at either side where 
noise passes unattenuated to the output. 

Filter Characteristics 

The AD7714’s digital filter is a low-pass filter with a (sinx/x)^ 
response (also called sinc^). T he transfer function for this filter 
is described in the z-domain by: 



H (z) = 



1 1 - 

— X — 

N 1- 



, -N 



, -1 



and in the frequency domain by: 



H (f) 



1 Sin(N .71. f/fs) 
N Sin(7i. f/fs) 



Figure 4 shows the filter frequency response for a cutoff 
frequency of 2.62 H z which corresponds to a first filter notch 
frequency of 10 H z. T he plot is shown from dc to 65 H z. 

T his response is repeated at either side of the input sampling 
frequency and at either side of multiples of the input sampling 
frequency. 




FREQUENCY - Hz 



Figure 4. Frequency Response of AD7714 Filter 

T he response of the filter is similar to that of an averaging filter 
but with a sharper roll-off. T he output rate for the digital filter 
corresponds with the positioning of the first notch of the filter’s 
frequency response. T hus, for the plot of F igure 4 where the 
output rate is 10 FI z, the first notch of the filter is at 10 FI z. T he 
notches of this (sinx/x)^ filter are repeated at multiples of the 
first notch. T he filter provides attenuation of better than 100 dB 
at these notches. For the example given, if the first notch is at 
10 FI z, there will be notches (and hence >100 dB rejection) at 
both 50 FIz and 60 FIz. 

T he cutoff frequency of the digital filter is determined by the 
value loaded to bits F SO to FSll in the Filter FI igh and Filter 
Low Registers. Programming a different cutoff frequency via 



FSO - FSll does not alter the profile of the filter response: it 
changes the frequency of the notches as outlined in the F liter 
Registers section. T he output update and first notch correspond 
and are determined by the relationship: 

Output Rate = fcL< in/(N .128) 

where N is the decimal equivalent of the word loaded to the 
F SO to F Sll bits of the F liter Registers 

while the -3 dB frequency is determined by the relationship: 

-3 dB frequency = 0.262 xfilter first notch frequency 

T he filter provides a linear phase response with a group delay 
determined by: 

G roup Delay = -37 t.(N .f/fMoo ) 

where N is the decimal equivalent of the word loaded to the 
FSO to FSll bits of the Filter Registers and Fhod = fciK in/128. 

Since the AD 7714 contains this on-chip, low-pass filtering, 
there is a settling time associated with step function inputs and 
data on the output will be invalid after a step change until the 
settling time has elapsed. T he settling time depends upon the 
output rate chosen for the filter. T he settling time of the filter 
to a full-scale step input can be up to 4 times the output data 
period. F or a synchronized step input (using the SYNC or 
FSYN C functions) the settling time is 3 times the output data 
period. When changing channels on the part, the change from 
one channel to the other is synchronized so the output settling 
time is also 3 times the output data period. T hus, in switching 
between channels, the output data register is not updated until 
the settling time of the filter has elapsed. 

Post- Filtering 

T he on-chip modulator provides samples at a 19.2 kFI z output 
rate with fciK in at 2.4576 M FI z. T he on-chip digital filter deci- 
mates these samples to provide data at an output rate which 
corresponds to the programmed output rate of the filter. Since 
the output data rate is higher than the N yquist criterion, the 
output rate for a given bandwidth will satisfy most application 
requirements. FI owever, there may be some applications which 
require a higher data rate for a given bandwidth and noise per- 
formance. Applications which need this higher data rate will 
require some post-filtering following the part’s digital filter. 

For example, if the required bandwidth is 7.86 FI z but the 
required update rate is 100 FI z, the data can be taken from the 
AD 7714 at the 100 FI z rate giving a -3 dB bandwidth of 
26.2 FI z. Post-filtering can be applied to this to reduce the 
bandwidth and output noise, to the 7.86 FI z bandwidth level, 
while maintaining an output rate of 100 FI z. 

Post-filtering can also be used to reduce the output noise from 
the device for bandwidths below 1.26 FI z. At a gain of 128 and 
a bandwidth of 1.26 FI z, the output rms noise is 140 nV. T his 
is essentially device noise or white noise and since the input is 
chopped, the noise has a primarily flat frequency response. By 
reducing the bandwidth below 1.26 FI z, the noise in the result- 
ant passband can be reduced. A reduction in bandwidth by a 
factor of 2 results in a reduction of approximately 1.25 in the 
output rms noise. T his additional filtering will result in a 
longer settling time. 
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ANALOG FILTERING 

T he digital filter does not provide any rejection at integer mul- 
tiples of the input sampling frequency, as outlined earlier. H ow- 
ever, due to theAD7714’s high oversampling ratio, these bands 
occupy only a small fraction of the spectrum and most broad- 
band noise is filtered. T his means that the analog filtering re- 
quirements in front of the AD 7714 are considerably reduced 
versus a conventional converter with no on-chip filtering. In 
addition, because the part’s common-mode rejection perfor- 
mance of 100 dB extends out to several kH z, common mode 
noise in this frequency range will be substantially reduced. 

Depending on the application, however, it may be necessary to 
provide attenuation prior to the AD 7714 in order to eliminate 
unwanted frequencies from these bands which the digital filter 
will pass. It may also be necessary in some applications to pro- 
vide analog filtering in front of the AD 7714 to ensure that dif- 
ferential noise signals outside the band of interest do not 
saturate the analog modulator. 

If passive components are placed in front of the AD 7714, in 
unbuffered mode, care must be taken to ensure that the source 
impedance is low enough so as not to introduce gain errors in 
the system. T his significantly limits the amount of passive anti- 
aliasing filtering which can be provided in front of the AD 7714 
when it is used in unbuffered mode. H owever, when the part is 
used in buffered mode, large source impedances will simply 
result in a small dc offset error (a 10 kll source resistance will 
cause an offset error of less than 10 pV). T herefore, if the sys- 
tem requires any significant source impedances to provide pas- 
sive analog filtering in front of the AD 7714, it is recommended 
that the part be operated in buffered mode. 

CALIBRATION 

The AD 7714 provides a number of calibration options which 
can be programmed via the M D 2, M D 1 and M D 0 bits of the 
M ode Register. T he different calibration options are outlined 
in the M ode Register and Calibration Sequences sections. A 
calibration cycle may be initiated at any time by writing to these 
bits of the M ode Register. Calibration on the AD 7714 removes 
offset and gain errors from the device. A calibration routine 
should be initiated on the device whenever there is a change in 
the ambient operating temperature or supply voltage. It should 
also be initiated if there is a change in the selected gain, filter 
notch or bipolar/unipolar input range. 

The AD 7714 gives the user access to the on-chip calibration 
registers allowing the microprocessor to read the device’s cali- 
bration coefficients and also to write its own calibration coeffi- 
cients to the part from prestored values in E^PROM . This gives 
the microprocessor much greater control over the AD 7714’s 
calibration procedure. It also means that the user can verify 
that the device has performed its calibration correctly by com- 
paring the coefficients after calibration with prestored values in 
E^PROM . The values in these calibration registers are 24-bit 
wide. I n addition, the span and offset for the part can be 
adjusted by the user. 

T here is a significant variation in the value of these coefficients 
across the different output update rates, gains and unipolar/ 
bipolar operation. Internally in the AD 7714, these coefficients 
are normalized before being used to scale the words coming out 
of the digital filter. T he offset calibration register contains a 



value which, when normalized, is subtracted from all conversion 
results. T he full-scale calibration register contains a value 
which, when normalized, is multiplied by all conversion results. 
T he offset calibration coefficient is subtracted from the result 
prior to the multiplication by the full-scale coefficient. T his 
means that the full-scale coefficient is effectively a span or gain 
coefficient. 

The AD 7714 offers self-calibration, system calibration and 
background calibration facilities. For full calibration to occur 
on the selected channel, the on-chip microcontroller must record 
the modulator output for two different input conditions. T hese 
are "zero-scale" and "full-scale" points. T hese points are de- 
rived by performing a conversion on the different input voltages 
provided to the input of the modulator during calibration. As a 
result, the accuracy of the calibration can only be as good as the 
noise level which the part provides in normal mode. T he result 
of the "zero-scale" calibration conversion is stored in the Zero 
Scale C alibration Register for the appropriate channel. T he re- 
sult of the "full-scale" calibration conversion is stored in the 
Full-Scale Calibration Register for the appropriate channel. With 
these readings, the microcontroller can calculate the offset and 
the gain slope for the input to output transfer function of the 
converter. I nternally, the part works with 33 bits of resolution 
to determine its conversion result of either 16 bits or 24 bits. 

Self- Calibration 

A self-calibration is initiated on the AD 7714 by writing the 
appropriate values (0, 0, 1) to the M D 2, M D 1 and M D 0 bits of 
the M ode Register. I n the self-calibration mode with a unipolar 
input range, the zero-scale point used in determining the cali- 
bration coefficients is with the inputs of the differential pair 
internally shorted on the part (i.e., AIN (-F) = AIN (-) = Internal 
Bias Voltage). T he PGA is set for the selected gain (as per G2, 
Gl, GO bits in the M ode Register) for this zero- scale calibration 
conversion. T he full-scale calibration conversion is performed at 
the selected gain on an internally-generated voltage ofVREp/ 
Selected Gain. 

The duration time of the calibration is6x 1/Output Rate. This 
is made up of 3 x 1/Output Rate for the zero-scale calibration 
and 3 x 1/Output Rate for the full-scale calibration. At this time 
the M D 2, M D 1 and M D 0 bits in the M ode Register return to 
0, 0, 0. T his gives the ea rliest ind ication that the calibration se- 
quence is complete. T he DRDY line goes high when calibration 
is initiated and does not return low until there is a valid new 
word in the data register. T he duration time from the calibra- 
tion command being issued to DRDY going low is 9 x 1/Output 
Rate. T his is made up of 3 x I/O utput Rate for the zero-scale 
calibration, 3 x 1/Output Rate for the full-scale calibration and 
3 X 1/O utput Rate for a conversion on the analog input. If 
DRDY is low before (or goes low during) the calibration com- 
mand write to the M ode Register, i t may ta ke up to one modu- 
lator cycle (M C L K IN /128) before DRD Y goes h igh to indicate 
that calibration is in progress. Therefore, DRDY should be 
ignored for up to one modulator cycle after the last bit of the 
calibration command is written to the M ode Register. 

F or bipolar input ranges in the self-calibrating mode, the se- 
quence is very similar to that just outlined. In this case, the two 
points are exactly the same as above but since the part is config- 
ured for bipolar operation, the output code for zero differential 
input is 800000 FI ex in 24-bit mode. 
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The part also offers ZS Self-Calibration and FS Self-Calibration 
options. I n these cases, the part performs just a zero-scale or 
full-scale calibration respectively and not a full calibration of the 
part. A full-scale calibration should not be carried out unless 
the part contains valid zero-scale coefficients. T hese calibrations 
are initiated on the AD 7714 by writing the appropriate values 
(1, 1, 0 for ZS Self-Calibration and 1, 1, 1 for FS Self Calibra- 
tion) to the M D 2, M D 1 and M D 0 bits of the M ode Register. 

T he zero-scale or full-scale calibration is exactly the same as 
that described for the full self-calibration. In these cases, the 
duration of the calibration is 3 x 1/Output Rate. At this time the 
M D 2, M D 1 and M D 0 bits in the M ode Register return to 
0, 0, 0. T his gives the earl iest ind ication that the calibration 
equence is complete. TheDRDY line goes high when calibra- 
tion is initiated and does not return low until there is a valid 
new word in the data regi ster. Th e time from the calibration 
command being issued to DRDY going low is 6 x 1/Output 
Rate. T his is made up of 3 x I/O utput Rate for the zero-scale or 
full-scale calibratio n and 3 x 1/Output Rate for a conversion on 
the analog input. If DRDY is low before (or goes low during) 
the calibration command write to the M ode Register, it may 
take up to one modulator cycle (M CLK IN/128) before DRDY 
goes hig h to indicate that calibration is in progress. T herefore, 
DRDY should be ignored for up to one modulator cycle after 
the last bit of the calibration command is written to the M ode 
Register. 

T he fact that the self-calibration can be performed as a two step 
calibration offers another feature. After the sequence of a full 
self calibration has been completed, additional offset or gain 
calibrations can be performed by themselves to adjust the part’s 
zero point or gain. Calibrating one of the parameters, either off- 
set or gain, will not affect the other parameter. 

System Calibration 

System calibration allows the AD 7714 to compensate for system 
gain and offset errors as well as its own internal errors. System 
calibration performs the same slope factor calculations as self- 
calibration but uses voltage values presented by the system to 
theAlN inputs for the zero- and full-scale points. Full System 
calibration requires a two step process, a ZS System Calibration 
followed by a FS System Calibration. 

For a full system calibration, the zero-scale point must be pre- 
sented to the converter first. It must be applied to the converter 
before the calibration step is initiated and remain stable until the 
step is complete. Once the system zero scale has been set up at 
the analog input, aZS System Calibration is then initiated by 
writing the appropriate values (0, 1, 0) to the M D2, M D 1 and 
M DO bits of the M ode Register. The zero-scale system calibra- 
tion is performed at the selected gain. T he duration of the cali- 
bration is 3 X 1/Output Rate. At this time, the M D2, M D 1 and 
M D 0 bits in the M ode Register return to 0, 0, 0. This gives the 
earliest indication that the calibration sequence is complete. T he 
DRDY line goes high when calibration is initiated and does not 
return low until there is a valid new word in the data reg ister. 

T he time from the calibration command being issued to DRDY 
going low is 4 x 1/Output Rate. This is made up of 3 x 1/Output 
Rate for the zero-scale system calibration and 1/Output Rate for 
a conversion on the analog input. T his conversion on the analog 
input is on the same voltage as the zero-scale system calibration 
and, therefore, the resultant word in the data register from this 



conversion should be a zero-scale reading. IfDRDYislow be- 
fore (or goes low during) the calibration command write to the 
M ode Register, it may t ake up t o one modulator cycle 
(M C L K IN /128) before DRDY g oes hig h to indicate that cali- 
bration is in progress. Therefore, DRDY should be ignored for 
up to one modulator cycle after the last bit of the calibration 
command is written to the M ode Register. 

After the zero-scale point is calibrated, the full-scale point is 
applied to AIN and the second step of the calibration process is 
initiated by again writing the appropriate values (0, 1, 1) to 
M D 2, M D 1 and M D 0. Again the full-scale voltage must be set 
up before the calibration is initiated, and it must remain stable 
throughout the calibration step. T he full-scale system calibra- 
tion is performed at the selected gain. T he duration of the cali- 
bration is 3 X 1/Output Rate. At this time, the M D2, M D 1 and 
M D 0 bits in the M ode Register return to 0, 0, 0. T his gives the 
earliest indication that the calibration sequence is complete. T he 
DRDY line goes high when calibration is initiated and does not 
return low until there is a valid new word in the data reg ister. 

T he time from the calibration command being issued to DRDY 
going low is 4 x 1/Output Rate. This is made up of 3 x 1/Out- 
put Rate for the full-scale system calibration and 1/Output Rate 
for a conversion on the analog input. T his conversion on the 
analog input is on the same voltage as the full-scale system cali- 
bration and, therefore, the resultant word in the data r egister 
from this conversion should be a full-scale reading. If DRDY is 
low before (or goes low during) the calibration command write 
to the M ode Register, it may tak e up to one modulator cycle 
(M C L K IN /128) before DRDY g oes hig h to indicate that cali- 
bration is in progress. Therefore, DRDY should be ignored for 
up to one modulator cycle after the last bit of the calibration 
command is written to the M ode Register. 

I n the unipolar mode, the system calibration is performed 
between the two endpoints of the transfer function; in the bipo- 
lar mode, it is performed between midscale (zero differential 
voltage) and positive full scale. 

T he fact that the system calibration is a two step calibration 
offers another feature. After the sequence of a full system cali- 
bration has been completed, additional offset or gain calibra- 
tions can be performed by themselves to adjust the system zero 
reference point or the system gain. C alibrating one of the 
parameters, either system offset or system gain, will not affect 
the other parameter. A full-scale calibration should not be car- 
ried out unless the part contains valid zero-scale coefficients. 

System calibration can also be used to remove any errors from 
source impedances on the analog input when the part is used in 
unbuffered mode. A simple R, C antialiasing filter on the front 
end may introduce a gain error on the analog input voltage but 
the system calibration can be used to remove this error. 
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System-Off^ Calibration 

System-offset calibration is a variation of both the system cali- 
bration and self-calibration. I n this case, the zero-scale point is 
determined in exactly the same way as a ZS System C alibration. 
The system zero-scale point is presented to the AIN inputs of 
the converter. T his must be applied to the converter before 
the calibration step is initiated and remain stable until the step 
is complete. Once the system zero scale has been set up, a 
System-Offset Calibration is then initiated by writing the appro- 
priate values (1, 0, 0) to the M D2, M D 1 and M DO bits of the 
M ode Register. T he zero-scale system calibration is performed 
at the selected gain. 

T he full-scale calibration is performed in exactly the same way 
asan FS Self Calibration. The full-scale calibration conversion 
is performed at the selected gain on an internally generated volt- 
age of VREp/Selected Gain. This is a one step calibration 
sequence and the time for calibration is 6 x 1/Output Rate. At 
this time, the M D2, M D 1 and M DO bits in the M ode Register 
return to 0, 0, 0. T his gives the ear liest ind ication that the cali- 
bration sequence is complete. T he DRDY line goes high when 
calibration is initiated and does not return low until there is a 
valid new word in the data register. T he dura tion time from the 
calibration command being issued to DRDY going low is 9 x 1/ 
Output Rate. This is made up of 3 x 1/Output Rate for the zero- 
scale system calibration, 3 x 1/Output Rate for the full-scale 
self-calibration and 3 x 1/Output Rate for a conversion on the 
analog input. T his conversion on the analog input is on the 
same voltage as the zero-scale system calibration and, therefore, 
the resultant word in the data reg ister fro m this conversion 
should be a zero-scale reading. If DRDY is low before (or goes 
low during) the calibration command write to the M ode Regis- 
ter, it may tak e up to one modulator cycle (M C L K IN /128) 
before DRDY goes h igh to i ndicate that calibration is in 
progress. T herefore, DRDY should be ignored for up to one 
modulator cycle after the last bit of the calibration command is 
written to the M ode Register. 

I n the unipolar mode, the system-offset calibration is performed 
between the two end-points of the transfer function; in the 
bipolar mode, it is performed between midscale and positive full 
scale. 

Background Calibration 

The AD 7714 also offers a background calibration mode where 
the part interleaves its calibration procedure with its normal 
conversion sequence. In the background calibration mode, the 
part provides continuous zero-scale self-calibrations; it does not 
provide any full-scale calibrations. T he zero-scale point used in 
determining the calibration coefficients in this mode is exactly 
the same as for a ZS Self-Calibration. The background calibra- 
tion mode is invoked by writing 1, 0, 1 to the M D2, M D 1, 

M DO bits of the M ode Register. When invoked, the back- 
ground calibration mode performs a zero-scale self calibration 
after every output update and this reduces the output data rate 
of the AD 7714 by a factor of six. Its advantage is that the part 
is continually performing offset calibrations and automatically 
updating its zero-scale calibration coefficients. As a result, the 
effects of temperature drift, supply sensitivity and time drift on 
zero-scale errors are automatically removed. When the back- 
ground calibration mode is turned on, the part will remain in 
this mode until bits M D 2, M D 1 and M D 0 of the M ode Regis- 
ter are changed. 



Because the background calibration does not perform full-scale 
calibrations, a self-calibration should be performed before plac- 
ing the part in background calibration mode. Removal of the 
offset drift in this mode leaves gain drift as the only source of 
error not removed from the part. T he typical gain dri ft of the 
AD 7714 with temperature is 0.2 ppm/°C. T he SYNC input or 
F SY N C bit should not be exercised when the part is in back- 
ground calibration mode. 

Span and Offset Limits 

Whenever a system calibration mode is used, there are limits on 
the amount of offset and span which can be accommodated. 

T he overriding requirement in determining the amount of offset 
and gain which can be accommodated by the part is the require- 
ment that the positive full-scale calibration limit is < 1.05 x 
Vref/GAIN . T his allows the input range to go 5% above the 
nominal range. T he in-built headroom in the AD7714’s analog 
modulator ensures that the part will still operate correctly with a 
positive full-scale voltage which is 5% beyond the nominal. 

T he range of input span in both the unipolar and bipolar modes 
hasa minimum value of 0.8xVref/GAIN and a maximum 
value of 2.1 X Vref/GAIN . FI owever, the span (which is the dif- 
ference between the bottom of the AD7714’s input range and 
the top of its input range) has to take into account the limitation 
on the positive full-scale voltage. T he amount of offset which 
can be accommodated depends on whether the unipolar or 
bipolar mode is being used. Once again, the offset has to take 
into account the limitation on the positive full-scale voltage. I n 
unipolar mode, there is considerable flexibility in handling nega- 
tive (with respect to Al N (-)) offsets. I n both unipolar and bipo- 
lar modes, the range of positive offsets which can be handled by 
the part depends on the selected span. T herefore, in determin- 
ing the limits for system zero-scale and full-scale calibrations, 
the user has to ensure that the offset range plus the span range 
does exceed 1.05 x Vref/GAIN. This is best illustrated by look- 
ing at a few examples. 

If the part is used in unipolar mode with a required span of 
0.8 X Vref/GAIN , then the offset range which the system cali- 
bration can handleisfrom -1.05xVref/GAIN to -f0.25xVref/ 
GAIN . If the part is used in unipolar mode with a required span of 
Vref/GAIN , then the offset range which the system calibration can 
handleisfrom -1.05 x V ref/GAIN to -F0.05 x V ref/GAIN . Simi- 
larly, if the part is used in unipolar mode and required to 
remove an offset of 0.2 x Vref/GAIN , then the span range 
which the system calibration can handle is 0.85 x Vref/GAIN . 

If the part is used in bipolar mode with a required span of 
±0.4 X Vref/GAIN , then the offset range which the system cali- 
bration can handleisfrom -0.65 x V ref/GAIN to ±0.65xVref/ 
GAIN . If the part is used in bipolar mode with a required span 
of ±Vref/GAIN , then the offset range which the system calibra- 
tion can handleisfrom -0.05x V ref/GAIN to ±0.05xVref/ 
GAIN. Similarly, if the part is used in bipolar mode and 
required to remove an offset of ±0.2 x Vref/GAIN, then the 
span range which the system calibration can handle is 
±0.85xVref/GAIN. 
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Povuer-Up and Calibration 

On power-up, the AD 7714 performs an internal reset which sets 
the contents of the internal registers to a known state. T here 
are default values loaded to all registers after a power-on or 
reset. The default values contain nominal calibration coefficients 
for the calibration registers. H owever, to ensure correct calibra- 
tion for the device a calibration routine should be performed af- 
ter power-up. 

The power dissipation and temperature drift of the AD 7714 are 
low and no warm-up time is required before the initial calibra- 
tion is performed. H owever, if an external reference is being 
used, this reference must have stabilized before calibration is 
initiated. Similarly, if the clock source for the part is generated 
from a crystal or resonator across the M C L K pins, the start-up 
time for the oscillator circuit should elapse before a calibration 
is initiated on the part (see below). 

USING THE AD7714 
Clocking and Oscillator Circuit 

The AD 7714 requires a master clock input, which may be an 
external CMOS compatible clock signal applied to the 
M CLK IN pin with the M CLK OUT pin left unconnected. 
Alternatively, a crystal or ceramic resonator of the correct fre- 
quency can be connected between MCLKINandMCLKOUT 
in which case the clock circuit will function as an oscillator, 
providing the clock source for the part. T he input sampling 
frequency, the modulator sampling frequency, the -3 dB fre- 
quency, output update rate and calibration time are all directly 
related to the master clock frequency, fciK in- Reducing the 
master clock frequency by a factor of 2 will halve the above fre- 
quencies and update rate and double the calibration time. T he 
current drawn from the DVdd power supply is also directly 
related to fciK in- Reducing fciK in by a factor of 2 will halve 
the DVdd current but will not affect the current drawn from the 
AVdd power supply. 

U sing the part with a crystal or ceramic resonator between the 
MCLK IN andMCLK OUT pins generally causes more cur- 
rent to be drawn from DVdd than when the part is clocked from 
a driven clock signal at the M C L K IN pin. T his is because the 
on-chip oscillator circuit is active in the case of the crystal or 
ceramic resonator. T herefore, the lowest possible current on 
the AD 7714 is achieved with an externally applied clock at the 
MCLK IN pin with MCLK OUT unconnected and unloaded. 

T he amount of additional current taken by the oscillator 
depends on a number of factors— first, the larger the value of ca- 
pacitor placed on the M CLK IN and M CLK OUT pins, then 
the larger the DVdd current consumption on the AD 7714. Care 
should be taken not to exceed the capacitor values recom- 
mended by the crystal and ceramic resonator manufacturers to 
avoid consuming unnecessary DVdd current. T ypical values rec- 
ommended by crystal or ceramic resonator manufacturers are in 
the range of 30 pF to 50 pF and if the capacitor values on 
MCLK IN and M CLK OUT are kept in this range they will not 
result in any excessive DVdd current. Another factor that 
influences the DVdd current is the effective series resistance 
(E SR) of the crystal which appears between the M CLK IN and 
MCLK OUT pins of the AD 7714. Asa general rule, the lower 
the ESR value then the lower the current taken by the oscillator 
circuit. 



When operating with a clock frequency of 2.4576 M FI z, there is 
no appreciable difference in the DVdd current between an 
externally applied clock and a crystal resonator when operating 
with a DVdd of -F3 V. With DVdd = +5 V and fciK in = 

2.4576 M FI z, the typical DVdd current increases by 50 pA for a 
crystal/resonator supplied clock versus an externally applied 
clock. T he ESR values for crystals and resonators at this fre- 
quency tend to be low and as a result there tends to be little dif- 
ference between different crystal and resonator types. 

When operating with a clock frequency of 1 M FI z, the ESR 
value for different crystal types varies significantly. As a result, 
the DVdd current drain varies across crystal types. When using 
a crystal with an ESR of 700 12 or when using a ceramic resona- 
tor, the increase in the typical DVdd current over an externally- 
applied clock is 50 pA with DVdd = +3 V and 175 pA with 
DVdd = +5 V. When using a crystal with an ESR of 3 kl2, the 
increase in the typical DVdd current over an externally applied 
clock is again 50 pA with DVdd = +3 V but 300 pA with DVdd 
= -F5V. 

T he on-chip oscillator circuit also has a start-up time associated 
with it before it is oscillating at its correct frequency and correct 
voltage levels. T he typical start up time for the circuit is 10 ms 
with a DVdd of -F5 V and 15 ms with a DVdd of -F3 V. At 3 V 
supplies, depending on the loading capacitances on the M C LK 
pins, a 1 M 12 feedback resistor may be required across the crys- 
tal or resonator in order to keep the start up times around the 
15 ms duration. 

T he AD7714’s master clock appears on the M CLK OUT pin of 
the device. T he maximum recommended load on this pin is one 
CMOS load. When using a crystal or ceramic resonator to gen- 
erate the AD 7714’s clock, it may be desirable to then use this 
clock as the clock source for the system. I n this case, it is recom- 
mended that the M CLK OUT signal is buffered with a CM OS 
buffer before being applied to the rest of the circuit. 

Sys tem Syn chroni zati on 

T he SYNC input (or F SY N C bit) allows the user to reset the 
modulator and digital filter without affecting any of the setup 
conditions on the part. T his allows the user to start gathering 
samples of th e analog input from a known point in time, i.e., the 
rising edge of SYNC or when alls written to F SY N C . 

T he SYNC input can also be used to allow two other functions. 
If multiple AD 7714s are operated from a common master clock, 
they can be synchronized to up date the ir output registers simul- 
taneously. A falling edge on the SYNC input (or a 1 written to 
the F SY N C bit of the M ode Register) resets the digital filter and 
analog modulator and places t he AD 7714 into a consistent, 
known state. While the SYNC input is low (or FSYN C high), 
th eAD77 14 will be maintained in this state. On the rising edge 
of SYNC (or when a 0 is written to the FSYN C bit), the modu- 
lator and filter are taken out of this reset state and on the next 
clock edge the part starts to gather input samples again. In a sy s- 
tem using multiple AD 7714s, a common signal to their SYNC 
inputs will synchronize their operation. T his would normally be 
done after each AD 7714 has performed its own calibration or 
has had calibration coefficients loaded to it. T he output updates 
will then be synchronized with the maximum possible difference 
between the output updates of the individual AD 7714s being 
one MCLK IN cycle. 
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T he SYNC input can also be used as a start convert command 
allowing the AD 7714 to be operated in a conve ntional converter 
fashion. I n this mode, the risin g edge of SYNC starts conversion 
and the falling edge of DRDY indicates when conversion is 
complete. T he disadvantage of this scheme is that the settling 
time of the filter has to be taken into account for every data reg- 
ister update. T his means that the rate at which the data register 
is updated at a 3 times slower rate in this mode. 

Since the SYNC input (or F SYNC bit) resets the digital filter, 
the full settling-time of 3 x 1/Output Rate has to elapse before 
the re is a n ew word loaded to the out put register on the part. If 
the DRDY signa l is low when SYNC returns high (or FSYN C 
goes to a 0), the DRDY signal will not be reset high by the 
SYNC (or FSYN C) command. T his is because the AD 7714 
recognizes that there is a word in the data register which has not 
been read. The DRDY line will stay low until an update of the 
data register takes place at which time it will go high for 
SOOxtcLK IN befo re return ing low again. A read from the data 
register resets the DRDY signal high and it will not retu rn low 
until the settling time of the filter has elapsed (from the SYNC 
or FSYN C co mmand ) and there is a valid n ew wo rd in the data 
register. If thePRDY li ne is hig h when the SYNC (or FSYNC) 
command is issued, the DRDY line will not return low until the 
settling time of the filter has elapsed. 

Res et Input 

The RESET input on the AD 7714 resets all the logic, the digital 
filter and the analog mo dulator w hile all on-chip registers are re- 
set to their default state. DRDY is driven high and theAD7714 
ignor es all communications to any of its registers while the RE- 
SET input is low. When the RESE T input returns high, the 
AD 7714 starts to process data and DRDY will return low in 
3 X 1/Output Rate indicating a valid new word in the data regis- 
ter. FI oweve r, the AD 7714 operates with its default setup condi- 
tions after a RESET and it is generally nec essary to set up all 
registers and carry out a calibration after a RESET command. 

TheAD7714's on-chip oscillator circuit continues to function 
even when the RESET input is low. T he master clock signal 
continues to be available on the M C L K 0 U T pin. T herefore, in 
applications where the system clock is provided bytheAD7714’s 
clo ck, the A D 7714 produces an uninterrupted master clock dur- 
ing RESET commands. 

Standby Mode 

T he STANDBY input on the AD 7714 allows the user to place 
the part in a power-down mode when it is not required to pro- 
vide conversion results T he AD 7714 retains the contents of all 
its on-chip registers (including the data register) while in 
standby mode. When released from standby mode, the part 
starts to process data and a new word is ava ilable in the data 
register in 3x 1/Output rate from when the STANDBY input 
goes high. 

T he STANDBY input does not a ffect the digital interfac e, and 
it doe s not affect t he status of the DRDY line. If DRDY is high 
when STANDBY returns high, it will r emain h igh until there is 
a valid new word in the data register. If DRDY is low when 
STANDBY returns high, it will remain low until the data regis- 
ter is updated at which time the DRDY line w ill retur n high for 
500xtCLK IN before returning low again. If DRDY is low 
when the part enters its standby mode (indicating a valid unread 



word in the data register), the data register can be read while th e 
part is in standby. At the end of this read operation, the DRDY 
will be reset high as normal. 

Placing the part in standby mode, reduces the total current to 
5 pA typical when the part is operated from an external master 
clock provided this master clock is stopped. If the external clock 
continues to run in standby mode, the standby current increases 
to 150 pA typical with 5 V supplies and 75 pA typical with 3.3 V 
supplies. If a crystal or ceramic resonator is used as the clock 
source, then the total current in standby mode is 400 pA typical 
with 5 V supplies and 90 pA with 3.3 V supplies. T his is because 
the on-chip oscillator circuit continues to run when the part is in 
its standby mode. T his is important in applications where the 
system clock is provided by the AD7714’s clock, so that the 
AD 7714 produces an uninterrupted master clock even when it is 
in its standby mode. 

Accuracy 

Sigma-Delta ADCs, like VFC sand other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. The AD 7714 achieves excellent 
linearity by the use of high quality, on-chip capacitors, which 
have a very low capacitance/voltage coefficient. T he device also 
achieves low input drift through the use of chopper-stabilized 
techniques in its input stage. T o ensure excellent performance 
over time and temperature, the AD 7714 uses digital calibration 
techniques which minimize offset and gain error. 

Drift C onsi derations 

The AD 7714 uses chopper stabilization techniques to minimize 
input offset drift. C harge injection in the analog switches and 
dc leakage currents at the sampling node are the primary 
sources of offset voltage drift in the converter. T he dc input 
leakage current is essentially independent of the selected gain. 
Gain drift within the converter depends primarily upon the tem- 
perature tracking of the internal capacitors. It is not affected by 
leakage currents. 

M easurement errors due to offset drift or gain drift can be elimi- 
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. U sing the system 
calibration mode can also minimize offset and gain errors in the 
signal conditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature changes. 

POWER SUPPLIES 

There is no specific power sequence required for the AD 7714, 
either the AVqd or the DVdd supply can come up first. While 
the latch-up performance of the AD 7714 is good, it is important 
that power is applied to the AD 7714 before signals at REF IN , 

Al N or the logic input pins in order to avoid latch-up. If this is 
not possible, then the current which flows in any of these pins 
should be limited. If separate supplies are used for the AD 7714 
and the system digital circuitry, then the AD 7714 should be 
powered up first. If it is not possible to guarantee this, then cur- 
rent limiting resistors should be placed in series with the logic 
inputs to again limit the current. 

Supply C urrent 

The current consumption on the AD 7714 is specified for sup- 
plies in the range -f 3 V to -F3.6 V and in the range -F4.75 V to 
-F5.25 V. T he part operates over a -F2.85 V to -F5.25 V supply 
range and the Idd for the part varies as the supply voltage varies 
over this range. F igure 5 shows the variation of the typical 
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IpD with Vdd voltage for both a 1 M H z external clock and a 
2.4576 MHz external clock at +25°C . T he AD 7714 is operated 
in unbuffered mode and the internal boost bit on the part is 
turned off. T he relationship shows that the Iqd is minimized by 
operating the part with lower Vdd voltages. Idd on the AD 7714 
is also minimized by using an external master clock or by opti- 
mizing external components when using the on-chip oscillator 
circuit. 




2.85 3.15 3.45 3.75 4.05 4.35 4.65 4.95 5.25 

SUPPLY VOLTAGE (AVqd & DVdd) - Volts 



Figure 5. Idd vs. Supply Voltage 

Grounding and Layout 

Since the analog inputs and reference input are differential, 
most of the voltages in the analog modulator are common-mode 
voltages. T he excellent C ommon-M ode Rejection of the part 
will remove common-mode noise on these inputs. T he analog 
and digital supplies to the AD 7714 are independent and sepa- 
rately pinned out to minimize coupling between the analog and 
digital sections of the device. T he digital filter will provide 
rejection of broadband noise on the power supplies, except at 
integer multiples of the modulator sampling frequency. T he 
digital filter also removes noise from the analog and reference 
inputs provided those noise sources do not saturate the analog 
modulator. As a result, the AD 7714 is more immune to noise 
interference that a conventional high resolution converter. H ow- 
ever, because the resolution of the AD 7714 is so high and the 
noise levels from the AD 7714 so low, care must be taken with 
regard to grounding and layout. 

The printed circuit board which houses the AD 7714 should be 
designed such that the analog and digital sections are separated 
and confined to certain areas of the board. T his facilitates the 
use of ground planes which can be separated easily. A minimum 
etch technique is generally best for ground planes as it gives the 
best shielding. D igital and analog ground planes should only be 
joined in one place. If the AD 7714 is the only device requiring 
anAGND toDGND connection, then the ground planes 
should be connected at the AG N D and D G N D pins of the 
AD 7714. If the AD 7714 is in a system where multiple devices 
require AG N D to D G N D connections, the connection should 
still be made at one point only, a star ground point which 
should be established as close as possible to the AD 7714. 



Avoid running digital lines under the device as these will couple 
noise onto the die. T he analog ground plane should be allowed 
to run under the AD 7714 to avoid noise coupling. The power 
supply lines to the AD 7714 should use as large a trace as pos- 
sible to provide low impedance paths and reduce the effects of 
glitches on the power supply line. F ast switching signals like 
clocks should be shielded with digital ground to avoid radiating 
noise to other sections of the board and clock signals should 
never be run near the analog inputs. Avoid crossover of digital 
and analog signals. T races on opposite sides of the board should 
run at right angles to each other. T his will reduce the effects of 
feedthrough through the board. A microstrip technique is by far 
the best but is not always possible with a double-sided board. In 
this technique, the component side of the board is dedicated to 
ground planes while signals are placed on the solder side. 

Good decoupling is important when using high resolution 
ADCs. All analog supplies should be decoupled with 10 pF tan- 
talum in parallel with 0.1 pF capacitors to AG N D . T o achieve 
the best from these decoupling components, they have to be 
placed as close as possible to the device, ideally right up against 
the device. All logic chips should be decoupled with 0.1 pF disc 
ceramic capacitors to D G N D . I n systems where a common sup- 
ply voltage is used to drive both the AVdd and D Vdd of the 
AD 7714, it is recommended that the system’s AVdd supply is 
used. T his supply should have the recommended analog supply 
decoupling capacitors between the AVdd pin of the AD 7714 
and AG N D and the recommended digital supply decoupling 
capacitor between the D Vdd pin of the AD 7714 and DGN D . 

E val uati ng the AD 7714 Performance 

The recommended layout for the AD 7714 is outlined in the 
evaluation board for the AD 7714. T he evaluation board pack- 
age includes a fully assembled and tested evaluation board, 
documentation, software for controlling the board over the 
printer port of a PC and software for analyzing the AD 7714’s 
performance on the PC . F or the AD 7714-5, the evaluation 
board order number is EVAL-AD 7714-5EB and for the 
AD7714-3, the order number is EVAL-AD7714-3EB. 

N oise levels in the signals applied to the AD 7714 may also 
affect performance of the part. T he AD 7714 allows two tech- 
niques for evaluating the true performance of the part, indepen- 
dent of the analog input signal. T hese schemes should be used 
after a calibration has been performed on the part. 

The first of these is to select the AIN 6/AIN 6 input channel 
arrangement. I n this case, the differential inputs to the AD 7714 
are internally shorted together to provide a zero differential volt- 
age for the analog modulator. External to the device, the Al N 6 
input should be connected to a voltage which is within the 
allowable common-mode range of the part. 

T he second scheme is to evaluate the part with a voltage near 
the input full scale voltage for a gain of 1. T o do this, the refer- 
ence voltage for the part should be applied to the analog input. 

T his will give a fixed full-scale reading from the device. If the 
zero-scale calibration coefficient is now read from the device, 
increased by a number equivalent to about 200 decimal and this 
value reloaded to the zero-scale calibration register, the input 
range will be offset such that a voltage equal to reference voltage 
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no longer corresponds to a full-scale reading. T his allows the 
user to evaluate the noise performance of the part with a near 
full-scale voltage. 

DIGITAL INTERFACE 

T he AD 7714’s programmable functions are controlled using a 
set of on-chIp registers as outlined previously. D ata Is written to 
these registers via the part’s serial Interface and read access to 
the on-chIp registers Is also provided by this Interface. All com- 
munications to the part must start with a writ e operati on to the 
C ommunicatlons Register. After power-on or RESET, the de- 
vice expects a write to Its C ommunicatlons Register. T he data 
written to this register determines whether the next operation to 
the part Is a read or a write operation and also determines to 
which register this read or write operation occurs. Therefore, 
write access to any of the other registers on the part starts with a 
write operation to the Communications Register followed by a 
write to the selected register. A read operation from any register 
on the part (Including the output data register) starts with a 
write operation to the Communications Register followed by a 
read operation from the selected register. 

The AD7714’s serial Inter face con sists of five signals, CS, 
SCLK, DIN, DOUT and DRDY. TheDIN line Is used for 
transferring data Into the on-chIp registers while the DOUT line 
Is used for accessing data from the on-chIp registers. SCLK Is 
the serial clock Input for the device and all data transfers (either 
on D IN or D OUT) take place with respect to this SCLK signal. 
The DRDY line Is used as a status signal to Indicate when d ata 
Is ready to be read from the AD7714’s data register. DRDY 
goes low when a new data word Is available In the output regis- 
ter. It Is reset high when a read operation from the data register 
Is complete. It also goes high prior to the updating of the output 
register to Indicate when not to read from the device to ensure 



that a data read Is not attempted while the register Is being up- 
dated. CS Is used to select the device. It can be used to decode 
the AD 7714 In systems where a number of parts are connected 
to the serial bus. 

TheAD7714 serial Interface can operate In three-wire mode by 
tying the CS Input low. In this case, the SCLK, DIN and 
DOUT lines are use d to communicate with the AD 7714 and 
the status of DRDY can be obtained by Interrogating the M SB 
of the C ommunicatlons Register. 

F Igures 6 and 7 show timing diagrams for Interfacing to the 
AD 7714 with CS used to decode the part. Figure 6 Is for a read 
operation from theAD7714’s output shift register while Figure 
7 shows a write operation to the Input shift register. Both dia- 
grams are for the PO L Input at a logic high; for operation with 
thePOL Input at a logic low simply Invert the SCLK waveform 
shown In the diagrams. It Is possible to read th e same data 
twice from the output register even though the DRDY line 
returns high after the first read operation. C are must be taken, 
however, to ensure that the read operations have been com- 
pleted before the next output update Is about to take place. 

The serial Interface can be reset by exercising the RESET Input 
on the part. It can also be reset by writing a series of Is on the 
DIN Input. If a logic 1 Is written to the AD 7714 DIN line for at 
least 32 serial clock cycles the serial Interface Is reset. T his 
ensures In three-wire systems that If the Interface gets lost, either 
via a software error or by some glitch In the system. It can be 
reset back Into a known state. T his state returns the Interface to 
where the AD 7714 Is expecting a write operation to the Com- 
munications Register. T his operation does not In Itself reset the 
contents of any registers but since the Interface was lost, the 
Information which was written to any of the registers Is un- 
known and It Is advisable to set up all registers again. 
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Figure 6. Read Cycle Timing Diagram (POL =1) 
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Figure 7. Write Cycle Timing Diagram (POL =1) 
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CONFIGURING THE AD7714 

T he AD 7714 contains eight on-chip registers that can be 
accessed via the seriai interface. Communication with any of 
these registers is initiated by writing to the C ommunications 
Register first. F igure 8 outiines a fiow diagram of the sequence 
which is used to configure aii registers after a power-up or reset. 
T he fiowc hart ais o shows two different read options— the first 
where the DRDY pin is poiied to determine when an update of 



the data register has taken piace, the second where the DRDY 
bit of the Communications Register is interrogated to see if a 
data register update has taken piace. Aiso inciuded in the flow- 
ing diagram is a series of words which shouid be written to the 
registers for a particuiar set of operating conditions. T hese con- 
ditions are test channei (AIN 6/AIN 6), gain of 1, burnout cur- 
rent off, no fiiter sync, bipoiar mode, 24-bit word iength, boost 
off and maximum fiiter word (4000 decimai). 




Figure 8. Flowchart for Setting Up and Reading from the AD7714 
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MICROCOMPUTER/MICROPROCESSOR INTERFACING 

The AD 7714’s flexible serial interface allows for easy interface 
to most microcomputers and microprocessors. The flowchart of 
Figure 8 outlines the sequence which should be followed when 
interfacing a microcontroller or microprocessor to the AD 7714. 
Figures 9, 10 and 11 show some typical interface circuits. 

The serial interface on the AD 7714 has the capability of operat- 
ing from just three wires and is compatible with SPI interface 
protocols. T he three-wire operation makes the part ideal for iso- 
lated systems where minimizing the number of interface lines 
minimizes the number of opto-isolators required in the system. 

T he rise and fall times of the digital inputs to the AD 7714 
(especially the SC L K input) should be no longer than 1 ps. 

M ost of the registers on the AD 7714 are 8-bit registers which 
facilitates easy interfacing to the 8-bit serial ports of microcon- 
trollers. Some of the registers on the part are up to 24 bits, but 
data transfers to these 24-bit registers can consist of a full 24-bit 
transfer or three 8-bit transfers to the serial port of the micro- 
controller. DSP processors and microprocessors generally trans- 
fer 16 bits of data in a serial data operation. Some of these 
processors, such astheADSP-2105, have the facility to program 
the amount of cycles in a serial transfer. T his allows the user to 
tailor the number of bits in any transfer to match the register 
length of the required register in the AD 7714. 

Even though some of the registers on the AD 7714 are only eight 
bits in length, communicating with two of these registers in suc- 
cessive write operations can be handled as a single 16-bit data 
transfer if required. F or example, if the M ode Register is to be 
updated, the processor must first write to the C ommunications 
Register (saying that the next operation is a write to the M ode 
Register) and then write eight bits to the M ode Register. T his 
can all be done in a single 16-bit transfer if required because 
once the eight serial clocks of the write operation to the C om- 
munications Register have been completed the part immediately 
sets itself up for a write operation to the M ode Register. 

AD 7714 to 68H C U I nterface 

Figure 9 shows an interface between the AD 7714 and the 
68FI C 11 microcontroller. Th e diagram shows the minimum 
(three-wire) interfa ce with ^ on the AD 7714 hard-wired low. 

I n this scheme, the DRDY bit of the C ommunications Register 
is monitored to determine when the D ata Register is updated. 

An alternative scheme, which i ncrease s the number of interface 
lines to four, is to monitor the D RDY ou tput line from the 
AD 7714. T he mon itoring of the DRDY line can be done in two 
ways. F irst, DRDY can be connected to one of the 68FI C ll’s 
port bits (such as PC 0) which is configured as a n input. T his 
port bit is then polled to determine the status of DRDY. T he 
second s cheme i s to use an interrupt driven syste m in which 
case, the DRDY output is connected to the IRQ input of the 
68FI C 11. F or interfaces which require control of the CS input 
on the AD 7714, one of the port bits of the 68FI C 11 (such as 
PC 1), which is configured as an output, can be used to drive the 
CS input. 

T he 68FI C 11 is configured in the master mode with its C PO L 
bit set to a logic zero and its CPFI A bit set to a logic one. When 
the 68FI C 11 is configured like this, its SC L K line idles low be- 
tween data transfers. Therefore, the POL input of theAD7714 
should be hard-wired low. F or systems where it is preferable 
that the SCLK idlehigh, theCPOL bit of the 68FI C 11 should 
be set to a logic 1 and the POL input of the AD 7714 should be 
hard-wired to a logic high. 
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Figure 9. AD7714 to 68FIC11 Interface 

The AD 7714 is not capable of full duplex operation. If the 
AD 7714 is configured for a write operation, no data appears on 
theDATAOUT lines even when the SCLK input is active. 
Similarly, if the AD 7714 is configured for a read operation, data 
present^ to the part on the DAT A IN line is ignored even 
when SCLK is active. 
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Figure 10. AD7714 to 8051 Interface 

Coding for an interface between the 68FI C 11 and the AD 7714 
is given in T able XV. In this example, the DRDY output line of 
the AD 7714 is connected to the PCO port bit of the 68FI C 11 
and is polled to determine its status. 

AD 7714 to 8051 1 nterface 

An interface circuit between the AD 7714 and the 8XC51 
microcontroller is shown in Figure 10. The diagram shows the 
minimum number of interface connections with CS on the 
AD 7714 hard-wired low. In the case of the 8XC 51 interface the 
min imum n umber of interconnects is just two. In this scheme, 
the DRDY bit of the C ommunications Register is monitored to 
determine when the Data Register is updated. The alternative 
scheme, which in creases the number of interface lines to three, 
is to monitor the DRDY o utput line from the AD 7714. T he 
monito ring of the DRDY line can be done in two ways. First, 
DRDY can be connected to one of the 8X C 51’s port bits (such 
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as Pl.O) which is configured as a n input . T his port bit is then 
poiied to determine the status of DRDY. T he secon d schem e is 
to use an interrupt driv en syst em in which case, the DRDY out- 
put is connected to the INTl input of the 8X C 51. F or inter- 
faces which require controi of theCS input on the AD 7714, one 
of the port bits of the 8XC51 (such as Pl.l[^hich is config- 
ured as an output, can be used to drive the CS input. 

T he 8X C 51 is configured in its M ode 0 seriai interface mode. 

Its serial interface contains a single data line. As a result, the 
DATA OUT and DATA IN pins of the AD 7714 should be con- 
nected together. T he serial clock on the 8X C 51 idles high 
between data transfers and, therefore, the POL input of the 
AD 7714 should be hard-wired to a logic high. The 8XC51 out- 
puts the LSB first in a write operation while theAD7714 
expects the M SB first so the data to be transmitted has to be 
rearranged before being written to the output serial register. 
Similarly, the AD 7714 outputs the M SB first during a read 
operation while the 8XC51 expects the LSB first. Therefore, 
the data which is read into the serial buffer needs to be rear- 
ranged before the correct data word from the AD 7714 is avail- 
able in the accumulator. 

DVdd 




Figure 11. AD7714 to ADSP-2103/ADSP-2105 Interface 



AD 7714 to AD SP- 2103/AD SP- 2105 1 nterface 

Figure 11 shows an interface between the AD 7714 and the 
ADSP-210 3/ADSP -2105 DSP processor. In the interface 
shown, the DRDY bit of the C ommunications Register is again 
monitored to determine when the D ata Register is updated. T he 
alternativ e schem e is to use an interrupt dri ven sy stem in which 
case, the DRDY output is conn ected to t he IR Q2 input of the 
ADSP-2103/ADSP-2105. TheRFS and Tfs pins of the 
ADSP-2103/ADSP-2105 are configured as active low outputs 
and theADSP-2103/ADSP-2105 serial clock line, SCLK, is 
also configured as an output. The POL pin of theAD7714 is 
hard-wired low. Because the SCLK from the ADSP-2103/ 
ADSP-2105 is a continuous clock, the CS of the AD 7714 must 
be used to gate off the clock once the transfe r is c om plete . T he 
CS for the AD 7714 is active when either theRFS or TFS out- 
puts from the ADSP-2103/ADSP-2105 are active. The serial 
clock rate on the ADSP-2103/ADSP-2105 should be limited to 
3 M FI z to ensure correct operation with the AD 7714. 



CODE FOR SETTING UP THE AD7714 

T able XV gives a set of read and write routines in C code for 
interfacing the 68FI C 11 microcontroller to the AD 7714. The 
sample program sets up the various registers on the AD 7714 
and reads 1000 samples from the part into the 68FI C 11. T he 
setup conditions on the part are exactly the same as those out- 
lined for the flow chart of F igure 8. I n the example code given 
here the DRDY output is polled to determine if a new valid 
word is available in the output register. 

T he sequence of the events in this program are as follows: 

1. W rite to the C ommunications Register, setting the channel. 

2. Write to the Filter FI igh Register, setting the 4 M SBs of the 
filter word and setting the part for 24-bit read, bipolar mode 
with boost off. 

3. Write to the Filter Low Register, setting the 8 LSB s of the 
filter word. 

4. Write to the M ode Register, setting the part for a gain of 1, 
burnout current off, no filter synchronization and initiating a 
self-calibration. 

5. Poll the DRDY Output. 

6. Read the data from the D ata Register. 

7. Loop around doing steps 5 and 6 until the specified number 
of samples have been taken. 
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TABLE XV. C CODE FOR INTERFACING ADTTIATO 68HCU 

/* This program has read and write routines for the 68HC11 to interface to the AD7714 and the saitple 
program sets the various registers and then reads 1000 saitples from the part . */ 

#include <math.h> 

#include <io6811.h> 

#define NUM_SAMPLES 1000 /* change the number of data saitples */ 

#define MAX_REG_LENGTH 3 /* this says that the max length of a register is 3 bytes */ 

Writetoreg (int) ; 

Read (int, char); 

char *datapointer = store; 

char store [NUM_SAMPLES*MAX_REG_LENGTH +30]; 
void main() 

{ 

/* the only pin that is programmed here from the 68HC11 is the /CS and this is why the PC2 bit 
of PORTC is made as an output */ 
char a; 

DDRC = 0x04; /* PC2 is an output the rest of the port bits are inputs */ 

PORTC I = 0x04; /* make the /CS line high */ 

Writetoreg (0x2 7) ; /* set the channel AIN6/AIN6 and set the next operation as write to the filter high 
register */ 

Writetoreg (0x4f) ; /* set Bipolar mode, 24 bits, boost off, all 4 MSBs of filterword to 1 */ 

Writetoreg (0x37) ; /* set the next operation as a write to the filter low register */ 

Writetoreg (OxAO) ; /* max filter word allowed for low part of the filterword */ 

Writetoreg ( 0x17 ) ; /* set the operation as a write to the mode register */ 

Writetoreg ( 0x20 ) ; /* set gain to 1, burnout current off, no filter sync, and do a self calibration */ 

while (PORTC & 0x10); /* wait for /DRDY to go low */ 
for (a=0 ; a<NUM_SAMPLES ; a++) ; 

{ 

Writetoreg (0x5f) ; /*set the next operation for 24 bit read from the data register */ 
Read(NUM_SAMPES, 3) ; 

} 

} 

Writetoreg (int byteword) ; 

{ 

int q; 

SPCR = 0x3f; 

SPCR = 0X7f; /* this sets the WiredOR mode (DWOM=l) , Master mode (MSTR=1) , SCK idles high (CPOL=l) , /SS 
can be low always (CPHA=1) , lowest clock speed (slowest speed which is master clock /32 */ 

DDRD = 0x18; /* SCK, MOSI outputs */ 
q = SPSR; 

q = SPDR; /* the read of the staus register and of the data register is needed to clear the interrupt 
which tells the user that the data transfer is coirplete */ 

PORTC &= Oxfb; /* /CS is low */ 

SPDR = byteword; /* put the byte into data register */ 
while (! (SPSR & 0x80)); /* wait for /DRDY to go low */ 

PORTC 1= 0x4; /* /CS high */ 

} 

Read (int amount, int reglength) 

{ 

int q; 

SPCR = 0x3f; 

SPCR = 0x7f; /* clear the interupt */ 

DDRD = 0x10; /* MOSI output, MISO input, SCK output */ 

while (PORTC & 0x10); /* wait for /DRDY to go low */ 

PORTC & Oxfb ; /* /CS is low */ 
f or (b=0 ; b<reglength ; b++ ) 

{ 

SPDR = 0; 

while (! (SPSR & 0x80)); /* wait until port ready before reading */ 

*datapointer++=SPDR; /* read SPDR into store array via datapointer */ 

} 

PORTC I =4; /* /CS is high */ 

} 
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APPLICATIONS 

T he on-chip PGA allows the AD 7714 to handle an analog input 
voltage range as low as 10 mV full-scale with Vref = +1-25 V. 

T he differential inputs of the part allow this analog input range 
to have an absolute value anywhere between AG N D and AVdd 
when the part is operated in unbuffered mode. It allows the user 
to connect the transducer directly to the input of the AD 7714. 
The programmable gain front end on the AD 7714 allows the 
part to handle unipolar analog input ranges from 0 mV to 
-1-20 mV to 0 V to -1-2.5 V and bipolar inputs of ±20 mV to 
±2.5 V. Because the part operates from a single supply these 
bipolar ranges are with respect to a biased-up differential input. 

Pressure Measurement 

One typical application of the AD 7714 is pressure measure- 
ment. Figure 12 shows the AD 7714 used with a pressure trans- 
ducer, the BPOl from Sensym. T he pressure transducer is 



arranged in a bridge network and gives a differential output 
voltage between its OUT (±) and OUT(-) terminals. With rated 
full-scale pressure (in this case 300 mmH g) on the transducer, 
the differential output voltage is 3 mVA/olt of the input voltage 
(i.e., the voltage between its IN (±) and IN (-) terminals). 
Assuming a 5 V excitation voltage, the full-scale output range 
from the transducer is 15 mV. T he excitation voltage for the 
bridge is also used to generate the reference voltage for the 
AD 7714. T herefore, variations in the excitation voltage do not 
introduce errors in the system. C hoosing resistor values of 
24 kll and 15 kil as per the diagram give a 1.92 V reference 
voltage for the AD 7714 when the excitation voltage is 5 V. 

U sing the part with a programmed gain of 128 results in the full 
scale input span of the AD 7714 being 15 mV which corresponds 
with the output span from the transducer. 




Figure 12. Pressure Measurement Using the AD7714 



T emperature M easurement 

Another application area for the AD 7714 is in temperature mea- 
surement. F igure 13 outlines a connection from a thermocouple 
to the AD 7714. In this application, the AD 7714 is operated in 
its buffered mode to allow large decoupling capacitors on the 
front end to eliminate any noise pickup which there may have 



been in the thermocouple leads. When the AD 7714 is operated 
in buffered mode, it has a reduced common mode range. In 
order to place the differential voltage from the thermocouple on 
a suitable common mode voltage, the Al N 2 input of the 
AD 7714 is biased up at the reference voltage, ±2.5 V. 
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Figure 13. Thermocouple Measurement Using theAD7714 



Figure 14 shows another temperature measurement application 
for the AD 7714. In this case, the transducer is an RTD (Resis- 
tive T emperature D evice), a PT 100. T he arrangement is a 4- 
lead RT D configuration. T here are voltage drops across the lead 



resistances Rli and Rl 4 but these simply shift the common- 
mode voltage. T here is no voltage drop across lead resistances 
Rl 2 and Rlb as the input current to the AD 7714 is very low. 

T he lead resistances present a small source impedance so it 
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Figure 14. RTD Measurement Using theAD7714 



would not generally be necessary to turn on the buffer on the 
AD 7714. If the buffer is required, the common-mode voltage 
should be set accordingly by inserting a small resistance 
between the bottom end of the RT D and AG N D of the 
AD 7714. In the application shown an external 400 pA current 
source provides the excitation current for the PT 100 and it also 



generates the reference voltage for the AD 7714 via the 6.25 kll 
resistor. Variations in the excitation current do not affect the 
circuit as both the input voltage and the reference voltage vary 
ratiometrically with the excitation current. H owever, the 
6.25 kll resistor must have a low temperature coefficient to 
avoid errors in the reference voltage over temperature. 
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Data Acquisition 

The AD 7714 with its three differentiai channeis (or five pseudo- 
differentiai channeis) is suited to iow bandwidth, high resoiution 
data acquisition systems. In addition, the three-wire digital 
interface allows this data acquisition front end to be isolated 
with just three optoisolators. T he entire system can be operated 



from a single -1-3 V or -1-5 V supply provided that the input sig- 
nals to the AD7714’s analog inputs are all of positive polarity. 

T he low power operation of the AD 7714 ensures that very little 
power has to be brought across the isolation barrier. F igure 15 
shows the AD 7714 in an isolated data acquisition system. 




Figure 15. Data Acquisition System Using theAD7714 




Figure 16. Smart Transmitter Using theAD7714 



Smart T ransmitters 

Another area where the low power, single supply, three-wire 
interface capabilities is of benefit is in smart transmitters. FI ere, 
the entire smart transmitter must operate from the 4 mA to 
20 mA loop. T olerances in the loop mean that the amount of 
current available to power the transmitter is as low as 3.5 mA. 



The AD 7714 consumes only 500 pA, leaving 3 mA available for 
the rest of the transmitter. Figure 16 shows a block diagram of a 
smart transmitter which includes the AD 7714. N ot shown in 
F igure 16 is the isolated power source required to power the 
front end. 
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OUTLINE DIMENSIONS 

D imensions are shown in inches and (mm). 



Plastic (N-24) 



Cerdip(Q-24) 






PIN1 i 

V 






0.260 ± 0.001 
(6.61 ±0.03) 




1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH 

2. PLASTIC LEADS WILL BE EITHER SOLDER DIPPED OR TIN PLATED 
IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 




1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 

2. CERDIP LEADS WILL BE EITHER TIN PLATED OR SOLDER DIPPED 
IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 



SOIC (R-24) 



SSOP (RS-28) 




2. SOIC LEADS WILL BE EITHER TIN PLATED OR SOLDER DIPPED 
IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS 
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